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20.  ABSTRACT  (Continued). 


— >  Methods  of  determining  the  capacity  of  a  lock  are  discussed  in  the  first 
part  of  the  report.  Consideration  of  all  factors  influencing  a  lock's  capacity 
and  the  interrelationship  of  these  factors  are  discussed.  Based  on  this  con¬ 
sideration  and  the  interest  shown  in  having  an  easy-to-apply,  straightforward 
method  for  calculating  lock  capacities,  a  new  methodology  for  computing  lock 
capacities  was  developed  and  is  presented  herein.  Results  from  such  a 
computation  are  compared  with  those  obtained  using  a  simulation  modeling 
approach. 

An  analysis  of  the  basic  data  used  in  determining  lock  capacity  from  the 
most  recent  data  available  revealed  some  notable  changes  in  characteristics  of 
the  traffic.  This  analysis  is  presented  with  significant  differences  noted. 

Based  on  the  latest  data  describing  the  traffic  and  lock  operating  char¬ 
acteristics,  the  capacity  of  Locks  and  Dam  26  is  computed  using  the  new  compu¬ 
tation  methodology.  The  capacity  was  computed  based  on  several  different 
assumptions  to  test  the  sensitivity  of  the  capacity  values.  It  was  found  that 
the  capacity  is  very  sensitive  to  changes  in  the  traffic  characteristics  and 
lockage  timings.  Capacities  of  adjacent  locks  on  the  Mississippi  River  were 
also  computed.  Data  from  locks  on  the  Illinois  River  were  not  available  in  a 
usable  form. 


PREFACE 

The  work  reported  herein  was  undertaken  for  the  Office,  Chief  of 
Engineers,  U.  S.  Army-  The  current  report  was  prepared  to  describe  a 
methodology  developed  for  computing  lock  capacities  and  the  results  of 
an  analysis  of  the  capacity  of  Locks  and  Dam  26  and  the  adjacent  locks 
on  the  upper  Mississippi  River  based  on  the  most  recent  data  available. 
This  study  was  conducted  from  March  1977  through  September  1978.  This 
report  was  originally  drafted  in  September  1977* 

The  study  was  accomplished  under  the  general  supervision  of 
Messrs.  H.  B.  Simmons,  Chief  of  the  Hydraulics  Laboratory,  and  M.  B. 

Boyd,  Chief  of  the  Hydraulic  Analysis  Division.  Dr.  L.  L.  Daggett, 

Math  Modeling  Group,  was  responsible  for  the  study.  Mr.  T.  D.  Ankeny 
was  a  principal  investigator  in  the  development  and  application  of  the 
methodology  and  the  analysis  of  the  new  lockage  data.  Mr.  R.  T. 

Garner  III  assisted  in  the  coding  of  a  computer  program  to  execute 
the  methodology  and  in  the  reduction  of  lockage  data.  Messrs.  David 
Weekly  and  Ed  Stone,  U.  S.  Army  Engineer  District,  Huntington,  and 
Mr.  Brad  Fowler,  U.  S.  Army  Engineer  District,  St.  Louis,  assisted  in 
obtaining  and  in  the  analysis  of  the  lockage  data.  Messrs.  Ed  Cohn 
and  Dick  Thompson  provided  special  advice  and  assistance  throughout  the 
study. 

Commander  and  Director  of  WE8  during  the  study  and  the  preparation 
and  publication  of  this  report  was  COL  John  L.  Cannon,  CE.  Technical 
Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  in  this  report  can  be  con¬ 
verted  to  metric  (Si)  units  as  follows: 


feet 

miles  (U.  S.  statute) 
tons  (force) 


0.3048 

1.6093UU 


8896.44U 


To  Obtain 
metres 
kilometres 
newtons 
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OF  BASE  DATA  H  THE  AHALYSIS  OF  LOCK  CAPACITY: 
A  CASE  STUDY  OF  LOCKS  AMD  DAM  26.  MISSISSIPPI  RIVER 


PART  I:  IHTRODUCTIOH 

1.  Locks  and  Dam  26  (L&D  26)  is  located  on  the  Mississippi  River 
near  Alton,  Illinois,  Just  belov  tne  Junction  of  the  Illinois  River  vith 
the  upper  Mississippi  River  and  Just  above  the  Junction  of  the  Missouri 
River  vith  the  upper  Mississippi  River.  Figure  1  shows  that  the  loca¬ 
tion  of  L&D  26  places  it  in  a  strategic  position  in  the  Mississippi 
River-Gulf  Coast  waterway  system,  the  major  waterborne  transportation 
network  of  the  U.  S.  Presently,  there  are  two  locks  at  this  site;  the 
main  lock  is  600  ft  long  and  110  ft  vide  and  the  auxiliary  lock  is 

360  ft  by  110  ft.  Present  observation  indicates  that  these  locks  are 
reaching  their  capacity  as  is  evidenced  by  the  increasingly  long  waiting 
times  experienced  by  passing  tows.  A  replacement  project  has  been 
reconmended  that  involves  the  construction  of  a  new  dam  2  miles  down¬ 
stream  from  the  existing  site  and  would  incorporate  a  single  1200— ft 
by  110-ft  lock.  Provisions  vould  be  made  for  including  a  second  lock 
if  later  studies  find  this  is  desirable  and  authorization  for  the  con¬ 
struction  of  this  lock  is  obtained. 

2.  Because  of  the  large  estimated  cost  of  this  replacement 
project  and  the  strategic  importance  of  this  lock  to  the  growth  of  water¬ 
borne  commerce,  the  replacement  of  these  locks  has  stimulated  a  major 
controversy.  Part  of  the  controversy  involves  the  determination  of  the 
capacity  of  the  existing  locks,  the  proposed  replacement  lock,  and  the 
adjacent  locks  in  the  waterway  By stem.  Because  of  the  significance  of 
this  factor  in  the  determination  of  when  the  replacement  project  is 
required,  said  in  the  computation  of  the  suiticipated  benefits,  an 
analysis  of  the  capacity  of  these  locks  was  conducted. 

3.  This  report  presents  the  results  of  this  analysis  and 
discusses  points  raised  during  the  analysis .  Since  there  was  evidence 
of  a  need  to  provide  a  simpler,  more  straightforward  method  for 


determining  lock  capacity  than  the  approach  used  in  the  Design  Memoran¬ 
dum  11,  such  a  method  vas  developed  and  is  described  in  this  report. 
Questions  that  vere  considered  during  this  analysis  effort  included 
definitions  of  capacity,  effects  of  changing  locking  operations  and 
fleet  characteristics  on  lock  capacity,  and  sensitivity  of  lock  capacity 
to  various  factors.  A  recomputation  of  the  lock  capacity  of  L&D  2 6  and 
adjacent  locks  vas  made  based  on  the  most  recently  available  data. 


PART  II:  DETERMINATION  OF  CAPACITY 


U.  The  task  of  sizing  facilities  is  a  basic  problem  that  man  has 
had  to  face  in  most  investment  decisions.  It  is  therefore  a  classic 
problem  that  becomes  even  more  significant  vhen  a  major  capital  invest¬ 
ment  is  involved.  Navigation  locks  are  in  a  general  category  of  batch¬ 
processing  service  centers  and  as  such  can  be  analyzed  as  a  queuing 
problem.  The  maximum  physical  capacity  of  such  a  processing  center  can 
be  obtained  by  determining  hov  many  units  (to wb)  can  be  processed 
during  a  given  period  of  time  and  by  knowing  the  characteristics  of 
those  wits  (tons/tow).  The  number  of  units  processed  can  be  deter¬ 
mined  by  knowing  how  much  time  (locking  time)  is  required  to  service 
the  units  (tows)  and  how  much  of  the  time  the  service  center  is 
available  for  servicing  the  units. 

5.  Queuing  systems  usually  exhibit  the  following  general  charac¬ 
teristics.  As  the  average  interarrival  rate  of  tows  at  the  lock  requir¬ 
ing  service  decreases  and  thus  approaches  the  average  service  or  proces¬ 
sing  rate  of  the  lock,  long  waiting  lines  (queues)  of  tows  will  develop 
as  shown  in  Figure  2  and  lock  utilization  will  increase  rapidly  until 

it  reaches  nearly  100  percent  (Figure  3) • 

6.  Several  characteristics  of  locks  and  tows  make  the  use  of 
such  simple  relations  Just  described  more  difficult  than  might  first 
appear.  First,  the  arrival  pattern  of  tows  is  highly  random  in  nature 


Figure  2.  Typical  queue  growth 
relation 


0  in 

Average  Service  Time 

Average  Interarrival  Rate 


Figure  3.  Topical  unit  service 
center  utilization  relation 


unless  the  lock  is  in  the  vicinity  of  some  control  element,  such  as 
another  lock,  that  is  highly  congested  by  tow  traffic.  Then  the  arrival 
pattern  at  the  lo  &  will  be  a  direct  function  of  the  service  rate  of  the 

control  element.  This  is  not  typically  the  case  and  is  not  the  case  at 

L&D  26;  thus  tow  arrivals  are  random  in  nature. 

7.  Secondly,  the  service  time  required  for  a  tow  is  highly 

dependent  upon  the  characteristics  of  the  unit  being  serviced.  Tows  at 
L&D  26  are  often  larger  than  the  lock  facilities  and  must  be  broken  into 

smaller  units  or  be  reconfigured  to  pass  through  the  locks.  This  opera¬ 

tion  increases  the  service  times  considerably,  causing  them  to  have  a 
broader  random  variation.  In  addition,  the  lock's  service  time  is 
directional  (i.e.,  different  for  upbound  and  downbound  tows)  and  there 
is  necessarily  a  certain  amount  of  setup  time  required  to  prepare  the 
lock  for  servicing  the  next  unit.  The  setup  time  is  also  a  function  of 
tow  travel  directions  and  of  the  policies  or  rules  for  operating  the 
lock. 

8.  To  complicate  the  situation  even  further,  a  number  of  measures 
can  be  used  to  indicate  the  capacity  of  a  lock.  The  most  directly 
obvious  is  the  number  of  lockages  or  chamberings  per  unit  time  that  can 
be  experienced.  This  would  be  purely  a  mean  lockage  time  divided  into 
the  total  available  time.  However,  it  is  vessels  that  are  being 
serviced  so  one  might  suggest  vessels  per  unit  time.  In  some  cases,  a 
vessel  requires  more  them  one  lockage  while  in  others,  several  vessels 


may  lock  together  in  a  single  lockage.  Since  the  purpose  of  the  naviga¬ 
tion  locks  is  usually  oriented  toward  the  movement  of  commerce  and  since 
not  all  vessels  carry  commerce,  a  definition  in  terms  of  tows  or  barges 
per  unit  time  might  be  desirable.  Finally,  since  not  all  barges  are 
full  nor  do  they  carry  the  same  loads,  the  measure  of  tons  per  unit  of 
time  might  seem  appropriate. 

9.  In  fact,  since  the  purpose  of  the  locks  and  the  primary 
benefits  from  the  locks  are  derived  through  reduced  costs  for  shipping 
goods  via  the  vatervays,  the  primary  measure  of  lock  capacity  is  in 
terms  of  tonnage  per  unit  of  time.  This  introduces  additional  com¬ 
plexities  into  the  determination  of  lock  capacity  since  this  tonnage 
must  be  related  through  the  unit  load/tow  size/lockage  time  interrela¬ 
tions,  the  prediction  of  which  is  very  difficult  to  accomplish.  It 
does  appear  necessary,  however,  to  determine  lock  capacity  in  terms  of 
tonnage  to  relate  this  to  impacts  on  commerce  and  shipping  costs  (or 
unit  savings  in  shipping  costs). 

Methods  for  Determining  Lock  Capacity 

10.  A  number  of  methods  have  been  proposed  in  the  past  for  deter¬ 
mining  the  practical  capacity  of  locks  and  can  be  generally  described 

in  three  categories:  analytical,  graphical,  and  simulation  methods. 

The  graphical  method  is  very  similar  to  simulation  modeling  and  is  much 
more  difficult  to  accomplish;  therefore  it  has  not  really  been  utilized 
much. 

11.  Probably  the  best  known  and  most  widely  used  analytical 
techniques  are  those  developed  by  Bottoms*  and  Davis.**  These  tech¬ 
niques  have  the  advantage  that  they  are  simple  to  perform  and  therefore 
can  be  employed  economically  and  quickly.  These  methods  follow  the  very 

*  E.  E.  Bottoms,  "Practical  Tonnage  Capacity  of  Canalized  Waterways," 
Journal.  Waterways  and  Harbors  Division.  Proceedings.  American 
Society  of  Civil  Engineers.  Vol  92.  Feb  1966.  pp  33-47. 

**  J.  P.  Davis,  "Tonnage  Capacity  of  Locks,"  Journal.  Waterways  and 
Harbors  Division.  Proceedings.  American  Society  of  Civil  Engineers. 
Vol  95,  May  1969,  pp  201-213. 
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simple  description  of  the  unit  service  process  and  basically  involve 
defining  an  overall  tow  processing  time  and  tov  load,  and  then  determin¬ 
ing  how  many  tovs  and  hence  how  much  tonnage  can  be  locked  in  a  fixed 
time  period.  The  methods  for  determining  the  average  tov  processing 
time  and  load  and  for  accounting  for  the  chamber  interrelations  were 
not  well  defined  when  more  than  one  chamber  is  available. 

12.  Simulation  techniques  have  been  developed  over  the  past 
seven  years  that  allow  an  analyst  to  determine  the  capacity  of  a  lock 
facility  and/or  groups  of  facilities  by  simulating  increasing  traffic 
loads  on  the  locks  and  the  individual  locking  operations  required  to 
lock  tovs.  As  these  loads  are  increased,  the  utilization  of  the  lock(s) 
increases.  This  continues  until  a  level  of  traffic  is  reached  at  which 
the  waiting  lines  become  excessively  long  or  until  a  particular  level 

of  utilization  of  the  lock  facilities  is  reached.  This  level  of  traffic 
measured  in  tons  is  the  capacity.  In  addition,  such  models  will  also 
yield  a  measure  of  how  delay  times  and  costs  increase  with  increasing 
levels  of  traffic.  This  can  be  useful  in  determining  a  cost  function 
for  the  utilization  of  a  lock,  thus  allowing  the  determination  of  an 
economic  capacity  level  that  might  be  less  than  the  physical  capacity. 

13.  Lock  and  waterway  simulation  models  are  basically  event 
processors.  They  create  traffic  from  statistical  frequency  distribu¬ 
tions  using  random  draw  techniques  and  process  the  resulting  tows 
through  the  locks  based  on  a  set  of  defined  operating  policies  and 
service  time  frequency  distributions.  These  simulation  methods  have 
been  successfully  used  for  several  cases  in  the  past,  and  the  models  and 
the  techniques  for  applying  their  results  have  been  highly  developed. 
These  models  operate  with  very  basic  and  measurable  data  and  can  be  used 
to  analyze  the  effects  of  different  operating  policies.  However,  set¬ 
ting  up  the  input  data  and  calibrating  these  models  is  very  time- 
consuming  and  expensive.  Also,  in  order  to  develop  a  capacity  value 
for  a  particular  condition  requires  that  the  model  be  run  many  times 
with  different  levels  of  traffic.  This  also  is  time-consuming  and 
expensive. 

lU.  Early  determinations  of  the  lock  capacity  of  LAD  26  used  the 
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staple  analytical  methods  while  the  latest  analysis  conducted  by  the 
Corps  of  Engineers  was  based  upon  simulation  modeling  results.  While 
an  attempt  was  made  to  demonstrate  the  effects  of  various  factors  that 
influence  the  lock  capacity  in  the  simulation  study,  there  continued  to 
be  questions  that  would  require  additional  simulations.  In  addition, 
there  remained  a  strong  desire  to  have  available  a  more  visible  calcula¬ 
tion  procedure  that  would  allow \ a  more  rapid  response  to  questions  that 
arise  during  the  decision-making  process. 

15.  As  a  result  of  this  requirement,  a  method  that  combines  the 
advantages  of  the  analytical  and  simulation  approaches  was  developed. 
This  method  computes  lock  capacities,  assuming  full  utilization  of  the 
available  time,  by  considering  the  tow  fleet  characteristics,  the 
conmodity  movement  requirements,  and  the  lock  service  times.  The 
analyst  may  modify  any  factor  in  the  data  describing  the  traffic,  the 
processing  times,  or  the  locking  policies  so  that  impacts  of  errors  or 
variations  in  measured  data,  different  assumptions,  or  changing  condi¬ 
tions  may  be  determined. 

16.  There  are,  of  course,  limitations  to  the  computational 
procedure  used  herein.  A  major  limitation  to  its  usefulness  in  the 
current  state  of  the  development  is  the  fact  that  it  only  computes  a 
capacity  value  (tonnage  throughput )  and  does  not  determine  any  delay 
times  or  queuing  values  at  varying  levels  of  lock  usage.  This  is  a 
limitation  that  may  be  overcome  in  the  near  future  with  appropriate 
application  of  advanced  queuing  theory.  A  second  limitation  is  that 
this  method  relies  on  the  Judgment  and  experience  of  the  analyst  in  the 
assignment  of  the  proportion  of  traffic  that  will  use  each  chamber  when 
more  than  one  chamber  is  available  and  the  chambers  are  of  significantly 
different  sizes.  Finally,  no  direct  influence  of  one  lock  facility  on 
adjacent  facilities  can  be  determined  by  this  process.  Thus,  if  there 
is  a  potential  for  this  kind  of  influence,  it  must  be  determined  by 
other  means. 

Factors  Affecting  Capacity 


17.  One  of  the  advantages  of  the  newly  developed  computation 


Auxilli 


Main 


method  for  determining  .lock  capacity  over  tne  older  analytical 
is  that  the  effects  of  various  factors  on  the  capacity  can  he  more 
directly  observed.  The  earlier  discussion  on  locks  and  their  charac¬ 
teristics  noted  that  the  service  times  were  dependent  on  the  vessel 
characteristics  and  on  the  setup  times.  More  specif ically,  tows  that 
are  larger  than  the  lock  when  they  approach  the  lock  may  require  several 
chamberings  through  the  lock  to  pass  the  entire  tov;  this  is  usually 
referred  to  as  a  multicut  lockage  or  a  double  lockage  when  only  tvo  cuts 
are  required.  In  some  cases,  the  tov  may  be  reconfigured  to  be  fit  into 
the  lock  chamber  for  a  single  lockage.  This  is  referred  to  as  a  setover 
lockage  if  the  reconfiguration  must  involve  barges  and  the  tovboat  or 
pover  unit  and  as  a  knockout  if  only  the  tovboat  must  be  moved.  When¬ 
ever  a  tov  must  be  broken  or  reconfigured,  an  extra  amount  of  time 
(usually  significant)  is  required  for  servicing  the  tov.  Thus,  the  tov 
size/lock  size  relation  is  a  critical  value  in  determining  the  service 
time  required  and  hence  the  capacity  of  the  lock. 

18.  When  a  lock  consists  of  more  than  one  chamber  and  the  chamber 
sizes  are  significantly  different,  the  vessels  must  select  vhich  chamber 
vill  be  used.  Generally,  the  tovs  vill  select  a  chamber  that  vill  not 
require  a  reconfiguration  or  multicut  lockage  if  possible,  since  this 
operation  is  time-consuming  and  hazardous.  Therefore,  smaller  tovs  vill 
usually  choose  the  smaller  chamber  (generally  referred  to  as  the  auxil¬ 
iary  chamber)  vhen  queues  exist,  vhile  the  larger  tovs  use  the  larger 
(or  main)  chamber,  even  if  they  must  vait.  As  the  use  of  the  larger 
chamber  becomes  heavy,  those  tovs  that  require  one  or  tvo  breaks  to  go 
through  the  smaller  chamber  vill  tend  to  select  that  chamber  rather 
than  vait.  Hovever,  in  doing  so,  they  vill  increase  the  time  required 
to  be  serviced  in  that  chamber.  Lock  chamber  sizes  available  at  locks 
referenced  in  this  report  are  given  in  the  tabulation  belov: 

Chamber  Size,  ft 


Lock  &  Dam  25  Miss.  River  600  *  110 
Locks  A  Dam  26  Miss.  River  600  x  110 
Locks  &  Dam  27  Miss.  River  1200  *  110 

(Continued) 


600  x  no 
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LaGrange  Lock 
Lockport  Lock 


Illinois  Waterway 
Illinois  Waterway 


600  x  110 
600  x  no 


19.  Tow  size  is  generally  expressed  in  terms  of  the  number  of 
barges  in  the  tow;  however,  this  can  be  deceiving  as  the  barge  sizes  can 
differ  significantly.  The  barge  sizes  generally  in  use  are  shown  in 
Table  1.  Therefore,  the  tow  size,  described  as  the  number  of  barges 
per  tow,  and  the  type  of  lockage  and  the  loads  carried  are  dependent 

on  the  barge  size.  Figures  k-7  show  the  typical  lockage  types  of  vari¬ 
ous  sized  tows  made  up  of  typical  barge  types  and  for  typical  lock 
chamber  sizes. 

20.  As  mentioned  previously,  locking  times  win  vary  considerably 
with  the  type  of  lockage  being  performed  and  the  size  of  the  tow  being 
locked.  In  addition,  chamber  setup  time  (time  required  by  the  lock  in 
making  ready  to  send  the  next  tow)  will  depend  on  the  type  of  vessel 
using  the  lock  and  the  type  of  lock  operating  or  chamber  selection  rule 
being  used  at  the  lock.  Typical  ranges  of  approach,  chambering  (includ¬ 
ing  vessel  maneuvering  operations  and  chamber  reversal),  and  exit  times 
are  shown  below: 


Approach  Exchange 

Turnback 

Chambering  Single  Straight 
Single  Setover 
Double 

Exit  Exchange 

Turnback 


Time,  min 

10-25 

2-10 

15-25 

25-35 

60-90 


For  sequential  lockage  of  two  vessels  traveling  in  opposite  directions, 
the  chamber  setup  will  Involve  an  exchange  exit  by  the  first  tow  and  an 
exchange  approach  by  the  second  tow.  For  the  successive  lockage  of  two 
vessels  traveling  in  the  same  direction,  the  setup  time  will  consist  of 
a  turnback  exit  by  the  first  tow,  a  chamber  reversal  or  turnback  and  a 
turnback  approach  by  the  second  tow.  If  the  lock  operating  policy  is 
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Table  1 


Aggregated  Barge  Size  Distribution 


Barge 

Size  Units 

Draft 

Empty  Loaded 

Tons/ 

Barge 

Number 
of  Barges 

Total  Tons 

Percent 

Open  Hopper 

21*5x35 

1.26 

1.5 

11.0 

21*00 

201* 

1*89,810 

2.14 

195x35 

1.00 

1.5 

9-0 

1500 

1*576 

6,864,720 

30.03 

175x26 

0.67 

2.0 

9.0 

1000 

21*08 

2,407,575 

10.53 

120x30 

0.53 

1.0 

7-0 

1*00 

977 

390,800 

1-71 

Covered  Hopper 

195x35 

1.00 

1.5 

9.0 

1500 

3861 

5,791,400 

25.32 

Deck 

200x50 

1.1*7 

1.1* 

8.0 

1800 

290 

522,700 

2.28 

195x35 

1.00 

1.5 

9.0 

1500 

1*30 

645,570 

2.83 

150x32 

0.70 

2.0 

6.0 

500 

677 

338,600 

1.48 

100x26 

0.38 

1.3 

6.0 

350 

1030 

360,500 

1.58 

Tank 

290x53 

2.25 

1.5 

11.0 

3000 

551 

1,653,085 

7.23 

2U0x50 

1.76 

2.0 

9.0 

2750 

1*27 

1,174,250 

5.14 

185x5!* 

1.1*6 

1.5 

9.6 

2100 

310 

651,400 

2.35 

195x35 

1.00 

1.5 

9.0 

1500 

753 

1,129,500 

4.94 

135x1*0 

0.79 

1.5 

6.0 

1000 

1*1*0 

• 

44o,46l 

1.94 

Total 

16,931* 

22,360,371 

100.00 
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Figure  U.  Typical  flotilla  sizes  and  lockage  types; 
dry  conmodities,  hopper  barges,  size  35*195  ft 
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Figure  5.  Typical  flotilla  sizes  and  lockage  types; 
chemicals,  petroleum;  integrated,  size  50*2U0  ft 
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Figure  7»  typical  flotilla  sizes  and  lockage  types;  chemicals, 
petroleum;  Jumbo  barges,  size  35*195  ft 


such  that  tows  are  selected  for  lockage  from  the  waiting  lines  in  a 
First  In-First  Out  (FIFO)  pattern,  then  there  is  a  fifty-fifty  chance  of 
an  exchange  or  turnback  approach  taking  place.  If  the  policy  applied 
is  a  Flip-Flop,  or  lock  one  in  one  direction  then  one  in  the  other,  all 
approaches  will  be  of  the  exchange  type.  In  some  cases,  there  is  a  par¬ 
ticular  advantage  in  locking  several  tows  in  the  same  direction  sequen¬ 
tially.  For  example,  a  selection  rule  may  be  applied  to  lock  four 
upbound  tows  and  then  four  downbound  ones  (UU-UD).  In  this  case,  one 
quarter  of  the  setups  would  be  of  the  exchange  type  and  three  quarters 
would  be  of  the  turnback  type.  These  rules  can  influence  the  service 
times  significantly. 

21.  In  addition,  the  method  of  breaking  tows  to  fit  into  the 
lock  chamber  and  for  refleeting  them  to  depart  the  lock  area  can  in¬ 
fluence  the  mean  service  time.  Presently,  most  tows  requiring  recon¬ 
figuration  to  lock,  enter  the  lock  chamber  to  break  down  or  re-form  and 
then  refleet  partially  inside  the  chamber,  using  the  exiting  guide  wall. 
However,  tows  can  be  required  to  be  ready  to  enter  the  chamber  for 
service  as  a  single  lockage  (Ready-to-Serve  (RTS))  if  facilities  for 
refleeting  away  from  the  lock  vicinity  and  a  power  unit  for  moving  un¬ 
powered  cuts  through  the  locks  cure  available.  A  third  procedure  would 
require  that  provisions  be  made  for  the  tow  to  refleet  outside  the  lock 
chamber  along  the  guide  wall  but  still  be  in  the  chamber  area.  In  the 
latter  method,  the  tow  refleets  in  the  lock  area  but  clear  of  the  gates 
so  that  the  chamber  can  be  reversed  to  lock  another  tow  traveling  in  the 
same  direction  as  the  first  tow,  while  the  first  tow  is  reconfiguring 
to  leave  the  lock  (Industry  Choice).  An  entering  tow  would  still  break 
down  inside  the  lock  chamber.  This  policy  is  only  effective  if  it  is 
used  with  a  selection  policy  involving  the  sequential  lockage  of  tows 
traveling  in  the  same  direction,  e.g. ,  4u-1*D. 

22.  Several  other  factors  can  influence  significantly  the  service 
time  required  to  lock  tows.  These  generally  vary  considerably  and  are 
not  controllable.  One  of  these  is  the  lift  required  between  pool 
levels.  Generally,  as  the  lift  increases  there  is  an  increase  in  service 
times  due  to  the  increased  volume  of  water  that  must  be  passed  through 
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the  filling  and  emptying  system.  Another  factor  is  ice.  Ice  affects 
the  service  time  in  two  ways:  (a)  it  increases  the  time  required  by 
tows  to  enter  and  exit  the  chamber,  and  (b)  it  requires  lockages  with 
only  ice  in  them.  Finally,  current  conditions  in  the  approach  channels 
can  be  such  that  tows  have  great  difficulty  in  maneuvering  into  and 
out  of  the  locks.  This  will  generally  increase  the  mean  service  time 
required. 

23.  Since  tonnage  is  used  as  the  measure  of  capacity  for 
commercial  navigation  locks,  analysis  of  the  relation  between  tons,  the 
tows  required  to  move  the  tonnage,  and  the  lockages  and  service  times 
required  to  process  these  tows  is  required.  Commercial  movements  vary 
with  time,  the  degree  of  that  variance  and  the  directionality  of  the 
movements  being  dependent  on  the  type  of  commodity  being  moved  and  the 
economic  or  marketing  environment.  This  variance  with  time  is  signifi¬ 
cant  since  a  lock's  capacity  may  be  reached  for  certain  peak  periods  of 
movement  while  other  times  of  the  year  movements  may  be  less  than 
capacity.  The  spatial  distribution  of  movements  is  significant  in  that 
an  imbalance  of  movements  in  the  two  directions  of  travel  through  the 
lock  will  require  a  balancing  movement  of  empty  equipment  (barges). 

Some  commodity  types  require  the  use  of  special  equipment  or  otherwise 
have  special  requirements  that  demand  return  movements  of  equipment  that 
are  empty  (dedicated  equipment).  The  temporal  and  spatial  distribution 
of  commodity  movements  at  some  locks  (particularly  L&D  26)  combine  to 
be  especially  significant  when  a  portion  of  the  traffic  (e.g.,  the 
upper  Mississippi)  is  lost  when  the  waterway  closes  during  the  winter 
(ice)  season. 

2k.  Other  factors  affecting  the  capacity  of  a  lock  include  lost 
time  due  to  maintenance,  repairs,  accidents,  weather,  etc.  If  two 
chambers  are  such  that  tows  cannot  approach,  exit,  or  use  one  chamber 
while  a  tow  is  using  the  other  chamber,  lost  locking  time  will  result 
in  both  chambers.  The  same  is  true  when  separate  lockages  are  required 
to  lock  noncommercial  or  noncommodity-carrying  vessels  (e.g.,  recre¬ 
ational  craft,  light  commercial  towboats,  passenger  vessels,  government 
vessels ,  etc . ) . 


PART  III:  CAPACITY  COMPUTATION  PROCEDURE 


25.  A  brief  explanation  of  the  newly  developed  computation  proce¬ 
dure  vised  in  this  analysis  of  L&D  26  is  presented  here.  A  more  de¬ 
tailed  step-by-step  procedure  is  provided  in  Appendix  A.  The  basic 
formula  for  computing  the  capacity  is: 

T 

C  =  ^  I^S  (1) 

L 

where 

C  =  physical  lock  capacity,  in  tons 
Ta  =  available  time  for  locking 
Tt  =  average  lockage  time 

=  average  tonnage  per  lockage 

S  =  seasonality  factor  applied  to  obtain  the  annual  tonnage  value 
Each  of  these  variables  must  be  determined  considering  the  stochastic 
nature  of  each  and  accounting  for  the  interdependence  that  exists 
between  tow  sizes  and  loads  and  locking  times.  Generally,  the  required 
distributions  axe  obtained  from  observations  made  of  actual  traffic  at 
the  lock  sites.  These  data  are  collected  and  recorded  as  a  part  of  the 
Performance  Monitoring  System  (PMS).  Observations  used  in  earlier 
studies  were  obtained  from  a  special  data  collection  system  established 
by  the  U.  S.  Army  Engineer  District,  St.  Louis. 

Tonnage 


26.  The  tonnage  movements  that  require  tows  to  pass  through  the 
locks  are  basically  what  determine  the  amount  of  traffic  trying  to  be 
serviced  by  a  lock.  The  distribution  of  tonnage  by  commodity  type  is 
allocated  to  the  various  barge  types  used  to  carry  each  commodity. 

Based  on  the  amount  of  tonnage  that  can  be  carried  by  each  barge  type, 
the  degree  of  dedication  and  the  required  empty  movements  to  balance  the 
barge  movements,  the  number  of  barges  of  each  type  required  to  move 
the  tonnage  are  computed.  By  multiplying  the  number  of  each  type  of 


loaded  barge  by  the  average  load  per  barge,  summing  the  resulting 
tonnage,  and  dividing  by  the  total  number  of  barges,  the  weighted  aver¬ 
age  load  per  barge  may  be  obtained. 

27*  Now  that  the  number  of  barges  required  to  move  the  specified 
tonnage  has  been  determined,  they  must  be  transformed  into  tows  so  that 
the  number  of  lockages  and  the  number  of  barges  per  lockage  can  be 
determined.  This  together  with  the  average  weighted  load  per  barge  will 
yield  the  average  tonnage  per  lockage.  .  The  barges  may  be  considered  as 
being  assigned  to  tow  types.  These  tow  types  have  been  considered  as 
being  made  up  of  common  sized  barges,  although  they  do  not  have  to  be 
limited  in  this  way.  Based  on  the  distribution  of  the  barge  types  to 
the  tow  types,  the  observed  tow  size  distribution  in  terms  of  barges 
per  tow  and  the  type  of  lockage  required  by  each  size  tow,  the  number 
of  lockages  of  each  tow  type  and  the  weighted  average  barges  per  lockage 
are  determined.  By  multiplying  this  value  by  the  previously  computed 
tons  per  barge,  the  tonnage  per  lockage  is  obtained. 

28.  Two  sets  of  records  are  available  for  determining  the  ton¬ 
nages  passing  through  locks.  Lockmaster  records  are  used  in  determin¬ 
ing  the  average  loads  per  barge  while  tonnages  reported  to  the  Water¬ 
borne  Commerce  Statistics  Center  (WCSC)  are  often  used  in  describing 
annual  tonnage  movements  up  and  down  through  the  locks.  The  lockmaster 
records  must  be  used  because  WCSC  does  not  report  tonnage  movements  by 
barge  type.  Lockmaster  records  in  the  St.  Louis  District  typically 
record  tonnages  3  to  h  percent  larger  than  WCSC  data.  This  difference 
is  due  to  rounding  tonnages  at  the  locks,  whereas  more  precise  waybill 
data  are  furnished  to  the  WCSC.  A  correction  factor  is  applied  to 
account  for  this  variance. 

Lockage  Time 

29.  Average  lockage  (or  service)  time  is  a  function  of  the 
lockage  type  and  the  locking  policy.  Lockage  time  consists  of  the  lock 
setup  time  and  the  chambering  time.  The  lock  setup  time  consists  of  the 
time  for  the  tow  to  approach  and  exit  the  lock  and  the  time  for  the 
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lock  to  be  reversed,  if  this  operation  is  necessary.  The  lock  chambering 
time  includes  the  time  required  for  the  tow  to  enter  the  chamber,  the 
gates  on  the  entering  side  to  close,  the  lock  to  fill  or  empty,  and  the 
gates  on  the  exiting  side  to  open.  If  a  tow  reconfiguration  is  required, 
this  will  take  place  during  the  chambering  and/or  exit  operations.  If 
a  tow  requires  two  or  more  chamberings  for  lockage,  then  the  chambering 
time  will  include  the  time  to  break  the  tow,  to  extract  the  unpowered 
cut  of  the  tow,  to  reverse  the  lock,  to  lock  the  second  cut,  and  to  re¬ 
make  the  tow. 

30.  Lockage  types  are  classified  for  this  analysis  into  five 
general  classifications.  These  are: 

a.  Single  lockage.  A  lockage  in  which  a  tow  can  enter  the 
lock  and  be  processed  with  no  reconfiguration  of  the  tow. 

b.  Double  lockage.  Any  lockage  of  a  tow  that  requires  the 
tow  to  be  uncoupled  at  barge  interfaces  so  that  two 
separate  chamberings  are  required  to  process  the  tow. 

c_.  Triple  cut  or  greater  lockage.  Any  lockage  of  a  tow  that 
requires  the  tow  to  be  uncoupled  at  barge  interfaces  so 
that  three  or  more  separate  chamberings  are  required  to 
process  the  tow. 

d.  Setover  or  knockout  lockage.  A  lockage  that  can  be  per¬ 
formed  with  one  chambering  if  the  tow  is  reconfigured. 

A  knockout  lockage  only  requires  the  uncoupling  of  the 
towboat  and  the  movement  of  this  towboat  to  another 
position  in  the  chamber  so  that  the  tow  may  fit  entirely 
in  the  chamber.  A  setover  lockage  requires  that  the 
towboat  and  one  or  more  barges  must  be  uncoupled  and 
repositioned  in  the  chamber. 

e_.  Multiple  vessel  lockages.  A  lockage  that  requires  only 
one  chambering  operation  to  service  more  than  one  tow. 

A  separate  approach  and  exit  time  is  required  for  each 
vessel  in  the  lockage,  although  these  vessels  may  overlap 
the  use  of  the  approach  channel. 

31.  As  noted  above,  the  lockage  time  required  to  service  a  tow  is 
influenced  to  a  large  degree  by  the  type  of  lockage  taking  place.  Lock¬ 
age  time  is  also  influenced  by  the  tow  processing  policy  being  used  at 
the  lock.  Under  the  normal  or  "standard"  processing  procedures  used 
presently  at  most  locks,  tows  are  allowed  to  uncouple  or  break  into 
separate  cuts  and  to  re-form  in  the  lock  chamber.  The  entire  lock 
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chamber  is  usually  occupied  during  such  a  reconfiguring  operation.  A 
winch  is  often  used  to  extract  the  unpovered  cut(s)  of  a  multicut  tow. 

The  winching  operation  must  be  performed  slowly  to  keep  such  a  large 
mass  under  control.  Several  alternatives  are  available  to  reduce  time 
lost  due  to  this  operation. 

32.  The  first  of  these  alternatives  is  presently  being  employed 
at  L&D  26.  This  is  called  the  "Industry  Choice  (IC)"  operating  policy. 
Under  this  policy,  a  separate  towboat  or  svitchboat  will  extract  the  un¬ 
powered  cut  of  a  double  lockage  or  a  reconfigured  setover  tow  to  a 
point  where  the  tow  will  clear  the  lock  gates  during  reconfiguration. 

At  L&D  26,  this  was  accomplished  by  extending  the  upper  guide  wall  of 
the  main  chamber  so  that  adequate  length  vas  made  available  for  this 
purpose.  The  lower  guide  wall  was  of  adequate  length.  To  make  this 
policy  effective,  a  series  of  tows  traveling  in  the  same  direction  must 
be  locked  sequentially  so  that  the  lock  chamber  can  be  reversed  and  the 
next  tow  approach  and  enter  the  lock  while  an  exiting  tow  is  reconfigur¬ 
ing.  Efforts  are  made  to  select  a  single  lockage  tow  as  the  last  in  the 
series  so  that  no  reconfiguring  is  required  for  the  last  tow  and  the 
exchange  to  locking  tows  in  the  opposite  direction  may  proceed 
immediately . 

33.  The  second  method  for  improving  lockage  times  requires  that 
all  multilockage  tows  be  reconfigured  as  single  lockages  before  call-up. 
For  example,  the  two  portions  of  a  double  lockage  tow  are  locked  con¬ 
secutively  with  the  tow  uncoupling  and  reconfiguring  operations  taking 
place  outside  the  vicinity  of  the  lock.  This  requires  mooring  facil¬ 
ities  for  these  operations  and  assist  boats  to  power  the  extra  portions 
of  the  tow.  Multicut  lockageB  are  considered  to  be  a  series  of  single 
lockages  with  a  turnback  setup  between  cuts. 

3I*.  In  addition  to  the  chambering  time,  the  lockage  time  includes 
the  lock  setup  time.  This  involves  a  tow's  exit  from  the  lock,  turning 
back  the  lock  chamber  to  be  ready  for  the  next  tow,  if  it  is  traveling 
in  the  same  direction  as  the  exiting  tow,  and  the  approach  of  the  follow¬ 
ing  tow.  If  two  tows  are  traveling  in  the  same  direction,  normally  the 
second  tow  to  be  locked  can  approach  the  lock  to  some  point  near  the 
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gates  and  the  approach  time  for  such  an  entry  vill  be  short.  For  tows 
traveling  in  opposite  directions,  the  tows  must  pass  each  other  in  the 
lock  approach  channel.  In  this  case,  both  the  exit  and  approach  vill 
involve  the  transit  of  the  approach  channel,  i.e.,  a  long  exit  and 
approach. 

35.  The  tow  selection  policy  used  at  a  lock  to  determine  the  next 
tow  to  be  locked  vill  have  a  significant  effect  on  the  locking  time. 

The  order  of  tov  call-up  will  determine  the  sequence  of  lock  setup  opera¬ 
tions  required,  each  of  which  requires  different  periods  of  time  to 
complete.  For  example,  in  an  FIFO  policy,  each  tov  is  locked  in  the 
order  of  arrival.  There  is  a  50  percent  chance  that  the  next  tov  to  be 
locked  will  be  traveling  in  the  opposite  direction  of  the  current  tov 
being  locked,  thus  requiring  an  exchange  type  setup.  Likewise,  there  is 
a  50  percent  chance  that  the  next  tov  vill  be  traveling  in  the  same 
direction,  thus  requiring  a  turnback  setup.  The  FIFO  policy  generally 
minimizes  both  the  delay  time  experienced  by  tows  and  the  queue  sizes. 

36.  The  normal  policy  used  at  locks  is  a  1  Up-1  Down  (1U-1D)  type 
policy  or  a  Flip-Flop  policy,  as  it  is  sometimes  called.  In  this  policy, 
the  first  tov  in  the  waiting  line  in  the  pool  for  which  the  lock  is  set 
to  serve  is  selected.  After  lockage  of  that  tow  is  completed,  the  next 
tov  selected  is  the  first  tov  in  line  in  the  opposite  pool.  Thus,  this 
policy  results  in  an  exchange  setup  for  every  lockage. 

37*  When  there  is  a  distinct  advantage  in  using  a  turnback  type 
setup,  a  locking  policy  that  will  produce  a  series  of  lockages  in  the 
same  direction  would  result  in  a  reduction  of  locking  time.  Thus,  a 
policy  that  would  lock  N  tows  up,  then  N  tows  down  (NU-ND)  would  be 
beneficial.  In  such  an  operation,  N-l  of  the  lockages  would  involve  a 
turnback  setup  and  1  lockage  would  involve  an  exchange  setup.  Normally, 
in  such  operations,  tovs  are  forced  to  vait  longer  than  under  any  other 
tov  selection  policy,  thus  queues  and  average  waiting  times  are  larger. 

38.  The  procedure  for  determining  the  average  locking  time  must 
therefore  be  determined  based  on  the  locking  policy,  the  distribution  of 
tov  sizes  (and  hence  lockage  types),  and  the  distribution  of  tovs  to 
lock  in  each  chamber  of  a  dual  or  triple  chamber  lock  facility.  Average 
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times  for  exchange  approaches  and  exits,  turnback  approaches  and  exits, 
and  chambering  times  are  available  through  PMS  for  each  lockage  type, 
direction,  and  chamber.  In  addition  the  average  time  for  chamber 
reversal  is  given.  The  chamber  setup  time  for  each  lockage  type  is 
determined  according  to  the  tov  selection  policy  and  is  added  to  the 
lock  chambering  time.  Then  the  weighted  average  locking  time  for  each 
chamber  is  computed  based  on  the  distribution  of  tow  sizes  (and  hence 
lockage  types)  assigned  to  the  chamber  by  multiplying  the  average  lock¬ 
age  times  by  the  number  of  lockages  of  each  type  and  dividing  by  the 
total  lockages  occurring.  This  process  assumes  that  there  is  always  a 
waiting  line  in  each  pool  of  sufficient  size  to  fully  enforce  the  tow 
selection  policy. 

39.  No  procedure  is  currently  implemented  to  allow  the  direct 
computation  of  multivessel  lockage  times  and  to  reduce  the  number  of 
lockages  required  accordingly.  The  effect  of  such  lockages  is  accounted 
for  by  manually  modifying  the  tow  size  distribution  so  that  large  tows 
represent  several  smaller  tows  that  are  combined  into  a  single  lockage. 

Available  Time 

40.  The  time  available  for  lockage  operations  will  generally  be 
less  than  the  total  time  in  a  period  under  consideration.  Several 
factors  reduce  the  time  available.  These  include  time  when  the  lock 
cannot  be  used  due  to  maintenance  or  repair  work  being  conducted  on  the 
chamber,  accidents,  weather  (e.g.,  fog,  ice,  or  wind)  that  stops 
traffic,  and  use  of  the  chamber  for  locking  lightboats  (towboats  with 
no  barges),  and  governmental  and  recreational  vessels.  Based  on  a 
lock's  operating  history,  a  given  percentage  of  the  total  time  period 
that  may  be  considered  unavailable  due  to  maintenance ,  repair  work, 
accidents,  and  weather  must  be  subtracted  from  the  total  time.  Also, 
based  on  observed  times  for  processing  vessels  other  than  tows  and  the 
number  (either  estimated  or  observed)  of  lockages  involving  only  these 
vessels,  a  reduction  in  the  available  time  for  locking  commercial  tows 
may  be  determined. 
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Ul.  In  practice,  tonnage  movements  do  not  occur  uniformly  through¬ 
out  the  year.  There  are  frequently  variations  in  shipments  due  to 
seasonal  demands  for  certain  conmodities  or  to  market  conditions. 
Secondly,  there  are  physical  factors  that  influence  the  movement  of 
goods  on  the  vatervay,  such  as  low-  or  high-water  conditions  and  icing 
on  the  river.  At  L&D  26  in  particular,  there  is  a  very  definite  ship¬ 
ping  season  related  to  the  three-month  period  when  the  upper  Mississippi 
River  is  closed  to  navigation  because  of  icing  conditions.  This  is 
accounted  for  in  the  determination  of  lock  capacity  by  computing  the 
capacity  during  a  typical  period  (e.g. ,  a  month),  then  multiplying  that 
tonnage  by  the  average  percentage  of  the  annual  traffic  normally  found 
to  move  during  that  period.  For  example ,  suppose  that  the  capacity  of  a 
lock  was  computed  to  be  ”x”  number  of  tons  per  month  and  that  the  input 
tonnage  levels  used  in  deriving  this  capacity  represented  the  maximum 
monthly  traffic  during  the  year.  The  annual  tonnage  capacity  would  not 
be  the  computed  may-timim  monthly  tonnage  multiplied  by  12  (number  of 
months  in  a  year)  but  rather  the  maximum  monthly  tonnage  multiplied  by 
some  number  less  than  12  in  order  to  allow  for  reduced  tonnage  movements 
during  other  months.  This  multiplier  is  computed  solely  from  a  knowl¬ 
edge  of  the  percentage  of  annual  tonnage  represented  by  the  maximum  (or 
other  tonnage  level)  used  in  the  capacity  calculations ,  such  that 
Y  *  100/£  of  annual  tonnage  ,  where  Y  is  the  multiplier  and  "f  of 
annual  tonnage”  is  the  tonnage  level  used  in  the  capacity  computational 
procedure. 


ison  of  Calculated  and  Simulated  Capacit 


U2.  In  order  to  verify  this  new  method  of  computing  the  capacity 
of  a  lock  and  to  provide  a  greater  confidence  in  the  results  obtained 
from  using  a  computerized  simulation  model  to  determine  the  capacity  of 
L&D  26,  25,  and  27,  a  detailed  comparison  was  made  of  the  capacity  of 
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LAD  26  determined  by  both  methods.  The  same  basic  input  data  vere  used 
as  a  basis  for  these  comparisons. 

43.  Table  2  presents  a  detailed  comparison  of  the  results  from 
the  computation  and  simulation  methods  for  L&D  26,  using  the  1972  fleet 
characteristics  for  the  FIFO-Standard  and  FIFO-RTS  tow  selection 
policies.  No  adjustments  have  been  made  of  either  computed  capacities 
to  allow  for  recreation  craft,  lightboats,  maintenance,  weather,  or 
deviations  between  WCSC  and  lockmaster  data.  As  Bhown  in  Table  2  the 
values  of  the  various  parameters  computed  agree  very  well.  The  major 
deviations  are  in  the  auxiliary  chamber  computations  where  the  percent 
differences  are  greater  due  to  the  smaller  absolute  values  of  the  param¬ 
eters.  The  general  agreement  of  the  total  annual  tonnage  capacity 
within  3  percent  is  considered  very  good. 

44.  Table  3  presents  a  comparison  of  the  capacities  determined 
by  both  methods,  this  time  including  adjustments  for  recreational  and 
lightboat  lockages,  maintenance,  weather,  and  tonnage  corrections  for 
WCSC  and  lockmaster  report  differences.  Included  in  this  comparison  are 
the  present  locks  operating  under  standard  and  RTS  policies,  the  single 
replacement  lock  ( 1200  ft  long  by  110  ft  wide ) ,  L&D  25  under  both 
standard  and  RTS,  and  L&D  27.  All  cases  are  for  the  FIFO  tow  selection 
policy  and  are  based  on  the  1972  fleet  characteristics.  A  similar 
comparison  is  included  for  the  large  fleet  characteristics  used  in  the 
DM11  analysis  to  determine  the  effect  of  tow  size  on  lock  capacity.  In 
all  cases,  the  lock  capacities  agree  within  6  percent  and  in  most  cases 
are  within  3  percent. 

45.  Therefore,  based  on  the  similarities  in  the  capacity  deter¬ 
mination  of  these  two  methods,  a  great  deal  of  confidence  can  be  placed 
in  the  capacities  derived  using  the  new  computational  approach.  How¬ 
ever,  the  reader  is  reminded  that  the  effects  of  delays  and  queues  are 
not  accounted  for  in  this  process;  thus  different  tow  selection  policies 
could  Influence  the  comparative  results.  Results  of  the  comparisons 
also  verify  the  conclusions  reached  in  DM11  concerning  the  capacities  of 
the  several  locks  that  were  used  in  the  economic  analysis  of  L&D  26. 
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Table 


Time/Lockage  44.96  47.45  +6  36.93  38. 84  +5 
Lockages/Month  96I.O  910.0  -5  1170.0  1112.0  -5 
Tons /Month  4.839  5-074  +5  2.486  2.24  -10 
Tons/Year  51.2  53-3  +4  26.3  23.5  -10 

Total  Tons/Year  77-5  76.8*  -0.9 


Computations  involved  modifying  the  tow  size  distribution  to  account  for  chamber  packing 
(multivessel)  locking  operations. 


PART  IV:  ANALYSIS  OF  EXISTING  CONDITIONS 


46.  Since  the  release  of  the  Corps  of  Engineers  DM11,  there  has 
been  a  major  controversy  over  the  capacity  of  the  present  locks  and  the 
estimated  capacity  of  the  proposed  replacement  locks.  Many  of  the 
differences  center  on  the  lock  operating  policies  in  effect  at  the  locks 
and  characteristics  of  the  traffic  using  the  locks,  particularly  the 
size  of  the  tovs  and  the  average  loads  carried  by  the  barges.  Since  the 
basic  input  data  used  in  the  DM11  study  were  based  on  1972  tow  fleet 
characteristics,  an  analysis  of  more  recent  data  was  conducted  to  deter¬ 
mine  any  major  changes  that  may  have  occurred  in  the  traffic  charac¬ 
teristics  or  locking  times.  Since  the  earlier  study,  a  more  extensive 

* 

lock  data  collection  system  FMS  has  been  implemented  and  this  data 
source  vas  primarily  used  as  the  basis  for  this  study. 

CommnH-it.Y  Movements 

1*7.  A  comparison  of  the  commodity  movements  passing  through 
L&D  2 6  revealed  a  major  shift  in  the  relative  distribution  of  these 
comnodities  (Table  4).  During  the  calendar  year  1976,  downbound  grain 
movements  had  grown  from  1*2.5  percent  to  become  52  percent  of  the  total 
tonnage.  Up bound  movements  of  coal,  petroleum,  and  chemicals  decreased 
from  15.2,  lU.5,  and  11.7  to  8.3,  10.2,  and  8.5  percent  of  the  total 
tonnage,  respectively— the  major  impact  of  this  being  an  imbalancing  of 
the  upbound  and  downbound  movements  from  a  nearly  balanced  ratio  of 
49/51  percent  to  39/61  percent.  Thus,  during  1976  there  was  a  much 
higher  percentage  of  empty  barge  movements  required  to  bring  the  barges 
upriver  to  move  the  increased  shipments  of  grain.  This  also  had  an 
effect  on  the  observed  size  of  tows  as  these  grain  movements  took  place 
in  tows  containing  more  barges.  This  effect  will  be  observed  later. 

48.  The  effect  of  seasonality  is  shown  in  Figure  8.  Note  that 
regular  dips  occur  during  the  months  of  December,  January,  and  February 
and  sometimes  in  March.  This  effect  is  largely  due  to  the  closing  of 
the  upper  Mississippi  River  to  navigation  in  the  vinter  when  the  river 
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Monthly  Distribution  of  Traffic  by 
Lock  and  Dot  26,  Year  1976 
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freezes.  Another  dip  in  the  percent  of  annual  tonnage  locked  can  be 
observed  in  April  and  May  1973  when  major  flooding  on  the  upper 
Mississippi  and  Missouri  Rivers  occurred.  Considering  April  through 
November  to  be  the  major  shipping  period  for  determining  lock  capacity, 
the  average  percentage  of  the  conmodities  carried  in  any  month  was  9.22 
for  a  multiplying  factor  of  10.85  (Table  5)*  The  9*22  percent  compares 
vith  the  value  of  8.7  percent  and  10.5  used  in  the  DM11  study.  This 
value  vas  based  on  the  observed  peak  traffic  month  to  that  date. 

1*9*  Figure  9  shows  the  wide  variability  of  grain  movements 
throughout  the  year,  particularly  during  the  last  three  years.  The 
impact  of  these  peak  movements  has  not  been  directly  taken  into  account 
in  this  analysis.  However,  it  is  clear  that  such  peaks  will  cause 
serious  delays  and  traffic  backups  for  periods  of  time  during  the 
"average"  year. 

50.  The  annual  commodity  movements  through  L&D  26,  L&D  25,  and 
LAD  27  during  1976  are  shown  in  Tables  6,  7,  and  8,  respectively. 

Fleet  Characteristics 


51.  One  of  the  key  issues  in  the  controversy  concerning  the 
capacity  of  LAD  26  involves  the  fleet  characteristics  of  the  tows 
passing  these  locks.  Some  of  the  capacities  that  have  been  cited  in 
non-Corps  of  Engineers  statements  and  publications  appear  to  have  been 
based  upon  tow  configurations  of  only  15  Jumbo  barges  (35  x  195  ft). 

This  type  of  tow  configuration  is  such  that  it  will  require  a  double 
lockage  and  will  fill  the  chamber  in  both  cuts  with  an  allowance  for  the 
towboat.  However,  not  all  tows  consist  of  all  Jumbo  barges  and  not  all 
tows  are,  and  probably  never  will  be,  the  maximum  tow  size.  Many  tows 
involve  integrated  barges  which  are  generally  much  larger  in  size, 
ranging  from  200  to  over  300  ft  long  and  52  to  51*  ft  wide.  Naturally, 
a  tow  consisting  of  such  large  barges  can  be  of  approximately  the  same 
overall  length  and  width  but  contain  a  much  smaller  number  of  barges. 

For  example,  an  8-barge  tow  of  52-  *  260- ft  barges  will  be  equivalent 
to  a  15-barge  tow  of  the  Jumbo  size.  Therefore,  it  is  easily  observed 
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Table  5 

Monthly  Distribution  of  Commodity  Movements ,  Lock  and  Dam  26 


Percent  of  Annual  Tonnage 


Month 

J2IL 

1971 

1972 

12J3 

1974 

1?.7£  . 

1976 

Avg 

Jan 

3.8 

4.7 

5.1 

7.4 

5.5 

6.7 

5.4 

5.5 

Feb 

6.9 

5.2 

5.5 

7.5 

6.4 

6.0 

7.4 

6.4 

Mar 

9.4 

8.6 

8.2 

8.3 

8.5  . 

8.7 

8.4 

8.6 

Apr 

8.8 

8.2 

8.9 

4.0 

9.3 

7.2 

8.8 

7.9 

May 

8.6 

10.0 

9.4 

5-9 

8.8 

7.3 

10.7 

8.7 

Jun 

9.3 

9.9 

9.0 

10.2 

8.3 

8.8 

10.3 

9-4 

Jul 

9.1 

9.9 

9.8 

9.9 

9.6 

9.8 

8.4 

9.5 

Aug 

9.4 

10.1 

9.6 

10.2 

9.1 

9.1 

7.9 

9.3 

Sep 

8.4 

9.1 

9-1 

9.5 

7.7 

8.7 

8.4 

8.7 

Oct 

10.3 

8.3 

9-9 

10.4 

9.3 

11.1 

9.3 

9.8 

Nov 

8.8 

8.6 

9-0 

10.3 

9.8 

9.9 

8.2 

9.2 

Dec 

T.2 

7.4 

6.5 

6.6 

7.7 

6.7 

6.8 

7.0 

stal 

Tonnage 

48,673 

46,227 

54,041 

51,336 

52,949 

54,569 

57,875 

Source  of  data:  Lockaaster  records. 
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Figure  9-  Monthly  distribution  of  grain  movements,  L&D  26,  years  1970-1976 


Table  6 

Commodity  Movements  Through  L&D  26  Duri 


Commodit 


•£*3£G 


Year  1976 


Total 


Corn 

3U.622 

20,866,931* 

20,901,556 

Soybeans 

9,989 

1**833,685 

M3U.671* 

Other  grains 

5»263,17l» 

2,97U, 637 

3,037,811 

Coal 

5,279,190 

66,097 

5.31*5,287 

Petroleum  and  petroleum  products 

5,513,870 

1,729,11*8 

7,21*3,018 

Cement,  sand,  stone,  aggregate 

269,818 

373,558 

61*3,376 

Iron  and  steel 

1,3U0,052 

1,308,350 

2,61*8,1*02 

Industrial  chemicals 

1*, 739, 539 

287,038 

5,036,577 

Agricultural  chemicals 

3,119,922 

50,500 

3,170,1*22 

Other  and  miscellaneous 

1,100,931* 

2,973,669 

1*, 07l*,603 

Total 

21,1*71,110 

35,1*63,616 

56,931*, 726 

Source:  Preliminary  Waterborne  Commerce  Statistics  Center  Data. 
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Table  7 

Commodity  Movements  Through  L&D  25  During  the  Year  1976 


Commodity 

Up 

Down 

Total 

Grain 

125,700 

lU, 063, 1*50 

14,189,150 

Coal 

3,718,100 

100,200 

3,818,300 

Petroleum  and  petroleum  products 

2,292,502 

205,662 

2,498,164 

Cement,  sand,  stone,  aggregate 

169,000 

821,250 

990,250 

Iron  and  steel 

197,050 

75,600 

272,650 

Chemicals 

1,316,732 

133,850 

1,450,582 

Miscellaneous 

1.631,665 

213.100 

1,844.765 

Total 

9,U50,7U9 

15,613,112 

25,063,861 

Source:  Preliminary  Waterborne  Commerce  Statistics  Center  Data. 


Table  8 

Commodity  Movements  Through  L&D  27  During  the  Year  1976 


Commodity 

Up 

Down 

Total 

Grain 

427,635 

32,544,235 

32,971,870 

Coal 

5,243,750 

295,300 

5,539,050 

Petroleum  and  petroleum  products 

5,271,243 

5,063,598 

10,334,841 

Cement,  sand,  stone,  aggregate 

245,050 

339,300 

584,350 

Iron  and  steel 

1,232,192 

1,326,084 

2,558,276 

Chemicals 

5,382,022 

745,443 

6,127,465 

Miscellaneous 

5.072.174 

1.336.136 

6.408.310 

Total 

22,874,066 

41,650,096 

64,524,162 

Source:  Preliminary  Waterborne  Commerce  Statistics  Center  Data 


/ 


that  one  cannot  generalize  the  size  distribution  of  tows  in  terms  of 
barges  alone. 

52.  Keeping  this  in  mind,  the  trends  in  tow  sizes  can  now  be 
investigated.  The  historical  growth  in  tow  sizes,  considering  barges 
per  tow  and  tons  per  tow,  is  presented  in  Figure  10.  Tons/tow  and 
barges /tow  are  derived  by  dividing  the  tonnage  and  number  of  barges  by 
the  total  towboats  passed  during  the  year.  The  total  towboats  include 
those  towboats  locked  that  were  pushing  no  barges,  i.e. ,  \lightboats. 

This  was  necessary  to  obtain  the  long  history  since  in  earlier  years 
the  number  of  lightboats  was  not  recorded  separately  from  the  commercial 
tows.  Using  a  linear  regression  analysis,  the  long-term  growth  has  been 
determined  to  be  1.3  barges/tow,  102  tons /barge,  and  1505  tons/tow  over 
each  decade  for  the  past  30  years.  This  increase  in  all  of  these 
factors  indicates  that  there  has  been  some  increase  in  loads  carried  and 
in  the  overall  size  of  tows  over  this  period  of  time.  The  increase  in 
the  tonnage  carried  by  each  barge  and  tow  could  have  been  influenced  by 
decreased  empty  movements  or  increased  drafts,  as  well  as  increased 
barge  dimensions.  The  increase  in  barges  per  tow  could  be  due  to  a 
change  to  smaller  barges  and  fewer  integrated  barges.  However,  it  is 
known  that  over  the  long-term  growth,  tows  have  increased  in  overall 
dimensions. 

53.  One  of  the  reasons  for  larger  tows  is  the  corresponding  in¬ 
crease  in  the  horsepower  of  the  towboats  used  on  the  upper  Mississippi 
and  Illinois  Waterway.  Figure  11  shows  that  there  has  been  a  parallel 
growth  of  towboat  horsepower  and  barges  being  pushed  by  a  tow.  The 
average  horsepower  was  determined  from  lockmaster  records  for  selected 
months.  The  impact  of  towboat  power  to  tow  size  is  further  demonstrated 
in  a  review  of  tow  size  and  towboat  horsepower  during  the  month  of  March 
1976  (Figure  12).  The  trend  is  a  steady  increase  in  horsepower  being 
used  to  push  the  larger  tows,  although  a  wide  spread  of  towboat  horse¬ 
power  is  observed  for  any  tow  size.  The  grouping  of  tow  sizes  in  the 
2-,  3-»  6-,  9-,  12-,  and  15-barge  groups  can  also  be  observed.  Typi¬ 
cally,  the  2-,  3-,  and  6-barge  tows  will  consist  of  petroleum  or 
chemical  Integrated  barges. 
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Figure  10.  Historical  trends  in  tow  size,  L&D  26 


Figure  U.  Comparison  of  towboat  horsepower  and  barges 
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Figure  12.  Tow  size-horsepower  relation,  L&D  26,  March  1976  PMS  data 


54.  An  analysis  of  more  recent  data,  with  the  influence  of  light- 
boats  removed,  yields  additional  insight  into  recent  trends  in  tov 
characteristics.  Figure  13  indicates  that  over  the  past  6  years  tovs 
have  increased  from  an  average  of  about  6  barges  per  tov  to  over  8.0 
barges  per  tov.  During  this  time,  hovever  there  vas  a  decrease  in  the 
average  load  per  barge  from  990  tons  to  Just  under  920  tons.  Both  of 
these  changes  could  be  due  to  a  significant  increase  in  the  number  of 
grain  movements,  a  corresponding  increase  in  the  number  of  Jumbo  barges 
being  used  relative  to  integrated  barges  and  an  increase  in  the  number 
of  empty  movements  required  to  balance  the  increased  grain  movements. 
Overall  there  vas  an  increase  in  the  loads  carried  by  the  average  tov 
of  nearly  1400  tons,  approximately  one  Jumbo  barge  load.  This  is  a  very 
rapid  increase  over  a  short  period  of  time  and  reflects  the  increased 
size  of  the  grain  movements  to  Nev  Orleans  for  overseas  eaqjort  in  recent 
years.  With  increased  shipment  sizes,  larger  groups  of  barges  can  be 
made  available  for  tovs,  similar  to  the  massive  movements  required  for 
unit  train  movements. 

55  •  Analysis  of  the  average  tov  size  for  various  horsepover 
tovboat  classes  reveals  that  although  the  average  tov  size  and  pover  of 
tovboats  has  steadily  increased  over  the  years,  a  significant  number  of 
small  tovboats  are  still  operating  that  push  small  tovs,  in  terms  of 
barges/tov.  For  example,  as  shovn  in  Figure  14,  the  largest  percentage 
of  tovboat  horsepover  pushing  tovs  other  than  petroleum  tovs  are  in  the 
horsepover  range  from  600  to  1600  horsepover  and  are  pushing  an  average 
of  4-  to  5-barge  tovs.  These  tovs  are  typically  single  lockage  tovs  in 
the  600-ft  chamber  at  LAD  26.  The  next  major  group  is  the  2800  to 
3800  horsepover  group  that  is  pushing  11-  to  12-barge  tovs.  A  large 
percentage  of  petroleum  tovs  are  in  the  600  to  2100  and  the  2800  to 
3800  horsepover  classes  vhich  push  2-  to  4-  and  4-  to  5-barge  tovs, 
respectively,  as  shovn  in  Figure  15 .  Depending  on  the  size  of  the  barge, 
a  4-barge  petroleum  tov  may  be  a  single  or  a  double  lockage  in  the 
600-ft  chamber  at  LAD  26.  Because  of  the  capital  investment  in  these 
tovboats  and  considering  that  these  average  tov  sizes  indicate  safe 
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Figure  13.  Tow/barge /tonnage  relations  L&D  26 
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operating  limits,  the  small  tows  vill  undoubtedly  remain  in  the  operating 
fleet  for  some  time  to  come. 

56.  The  only  vay  a  constant  tow  size  of  lock  filling  dimensions 
can  be  considered  to  be  present  for  all  lockages  is  to  require  all  tows 
to  be  refleeted  prior  to  approaching  the  lock  and  upon  exiting  the  lock. 
This  type  of  operation  would  require  a  major  refleeting  area  in  pools 
that  are  on  either  side  of  the  lock  and  would  involve  difficult  opera¬ 
tional,  insurance,  and  legal  problems.  Managing  such  an  operation  would 
be  a  major  undertaking. 

57.  One  final  observation  concerning  tow  characteristics  cm  be 
obtained  from  monthly  values  of  unit  parameters.  Figure  16  shows 

that  there  is  a  significant  month-to-month  variation  in  tow  characteris¬ 
tics  throughout  the  two  years  indicated.  This  variation  is  even  more 
pronounced  when  the  traffic  through  the  chambers  is  analyzed  separately 
(Figures  17  and  18).  One  observes  that  the  average  barges  per  tow  vary 
from  8.2  to  12  in  the  main  chamber  and  from  2.1  and  4.6  in  the  auxiliary 
chamber.  The  percentage  of  empty  barges  varies  from  27  to  44  in  the 
main  chamber  and  from  37  to  57  in  the  auxiliary  chamber.  The  small  tow 
sizes,  the  large  tons/barge,  and  the  high  percentage  of  empty  barges 
indicate  that  a  relatively  high  percentage  of  petroleum  and  chemical 
barges  use  the  auxiliary  chamber.  This  usage  increases  dramatically 
with  increases  in  tows  using  the  locks,  i.e.,  the  auxiliary  chamber 
tends  to  absorb  the  extra  loading  imposed  on  L&D  26. 


Lockage  Times 

58.  The  third  major  element  in  determining  a  lock's  capacity  to 
process  vessels  is  the  service  time  required  to  pass  tows  from  one  side 
of  the  lock  to  the  opposite  side.  As  noted  above,  this  service  time  is 
a  function  of  the  chamber  size,  the  type  of  lockage  required  to  process 
the  tow  being  served,  the  type  of  approach  and  exit  used,  and  the  direc¬ 
tion  in  which  locking  operation  takes  place.  In  the  DM11  analysis  the 
lockage  component  times  were  based  upon  data  collected  by  Peat,  Marwick, 
Mitchell  and  Company  during  tests  that  were  in  progress  when  the 
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Figure  18.  Lock/traffic  relations — variations  L&D  26  auxiliary  chamber 
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capacity  was  being  determined  for  the  DM11.  A  discussion  of  these 
results  is  contained  in  Appendix  B. 

59.  For  the  reanalysis  of  LD26,  the  determination  of  more  recent 
locking  times  was  based  on  PMS  data.  Figures  19  and  20  present  the 
average  locking  times  from  each  lockage  type  and  for  all  lockages  in  the 
main  and  auxiliary  chambers.  One  can  observe  a  wide  variance  in  the 
average  monthly  processing  times.  The  times  include  the  entire  time 
from  the  beginning  of  the  lockage  of  a  vessel  to  the  end  of  lockage  of 
the  last  cut  of  the  vessel,  if  more  than  one  cut  was  required.  The 
primary  influence  of  the  double  lockages  over  all  other  lockage  types  on 
the  overall  average  processing  time  in  the  main  chamber  is  readily 
apparent  from  the  parallel  nature  of  the  two  curves.  Double  lockages 
consistently  are  over  75  percent  of  the  main  chamber  lockages  as  shown 
in  Figure  21. 

60.  One  notices  a  significant  reduction  in  processing  times  for 
doubles  in  the  main  chamber  beginning  in  April.  An  accident  in  late 
March  caused  enforced  restrictions  to  tow  operations  during  April  1976, 
including  limited  tow  sizes  and  the  required  use  of  helper  boats 

in  approaches  and  exits.  Due  to  gin  extremely  long  backlog  of  tows 
waiting  at  the  locks  following  this  period,  a  locking  procedure  was  used 
in  which  switchboats  assisted  in  removing  tows  from  the  locks  so  that 
they  could  clear  the  lock  gates  while  refleeting  (IC  procedure).  This 
procedure  was  used  during  May  and  carried  over  into  the  simmer  months, 
although  it  was  not  enforced,  and  significantly  reduced  the  locking 
times  required  for  double  lockages.  Beginning  in  mid-October  1976,  the 
IC  operating  policy  was  made  the  normal  operating  policy  for  L&D  26. 
November  1976  was  the  first  full  month  of  locking  under  this  policy  with 
"normal"  conditions;  thus  this  month  was  used  as  the  basis  of  capacity 
calculations  for  the  IC  policy. 

61.  The  average  processing  time  of  the  auxiliary  lock  is  not  as 
dominated  by  the  double  lockage  times  as  it  is  in  the  main  chamber. 
Figure  22  shows  that  double  lockages  are  not  the  overwhelming  majority 
of  the  lockage  types.  The  auxiliary  chamber  is,  however,  heavily  in¬ 
fluenced  by  the  occurrences  of  multivessel  lockages.  As  the  main 
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Figure  19-  Average  processing  times  by  lockage  type  L&D  26  main  chamber 


Figure  20.  Average  processing  times  by  lockage  type 
L&D  26  auxiliary  chamber 


Figure  21.  L&D  26  main  chamber  lockage  type  distributions 


chamber  is  more  heavily  utilized  and  the  traffic  that  normally  would 
prefer  the  main  chamber  begins  to  use  the  auxiliary  chamber,  more  multi¬ 
cut  lockages  occur.  Because  the  average  processing  time  for  such  lock¬ 
ages  is  very  long,  the  overall  average  processing  time  in  the  auxiliary 
lock  is  increased  considerably.  For  example,  from  March  to  April  1976, 
the  percentage  of  multicut  lockages  increased  from  17-8  to  U4.4  with 
corresponding  reductions  in  the  single  and  single  other  lockage  types. 
With  this  increase,  the  overall  monthly  average  processing  time  in¬ 
creased  from  56  to  8U  min.  All  lockage  types  had  peak  processing  times 
in  January;  again,  this  was  probably  due  to  icing  conditions.  In 
general,  all  lockage  types  require  less  processing  time  in  the  auxiliary 
chamber  than  the  corresponding  lockage  types  in  the  main  chamber.  This 
is  due  to  two  factors:  (a)  the  chamber  size  is  smaller  in  the  auxiliary 
chamber  and,  therefore,  requires  less  time  to  empty  and  fill,  and 
(b)  the  tows  for  the  same  lockage  type  are  smaller  in  the  auxiliary 
chamber  and,  therefore,  require  less  time  in  the  chamber  approach  and 
exit  maneuvers.  As  a  result,  processing  in  the  auxiliary  chamber  would 
appear  favorable  to  the  main  chamber  until  one  considers  that  the 
tonnage  processed  in  each  lockage  is  generally  less  than  in  the  main 
chamber. 

62.  The  fact  that  all  lockage  types  experienced  ranges  of  average 
processing  times  of  at  least  20  min  and  some  are  over  30  and  even 
1*0  min  throughout  the  year  demonstrates  the  very  difficult  nature  of 
determining  the  capacity  of  a  lock.  Various  approaches  can  be  made  to 
handle  this,  including  selecting  the  "typical"  month  or  using  a  seasonal 
or  annual  average.  When  one  wishes  to  analyze  the  impact  of  changing 
lock  operating  policies,  one  must  obtain  the  processing  times  for  the 
components  of  the  lockage  so  these  may  be  used  to  reconstruct  the 
lockage  process  according  to  lockage  policies  not  in  practice  during  the 
period  of  observation.  When  this  is  done,  sample  sizes  of  the  observed 
data  for  some  components  become  very  small .  This  becomes  particularly 
important  when  one  is  applying  the  RTS  tow  processing  policy  with  a 
large  NU-ND  tow  selection  policy.  In  this  case,  the  single  lockage 
times  become  extremely  significant.  However,  single  lockages  are  only  a 


small  part  of  the  total  lockage  pattern  and  become  especially  small  vhen 
the  approach  and  exit  times  are  separated  by  direction  and  type  (flyt 
exchange,  and  turnback).  Thus,  vhile  both  approaches  were  used  in  this 
analysis  of  lock  capacities  for  L&D  26,  the  method  using  weighted 
seasonal  average  processing  times  is  considered  to  be  the  most 
meaningful. 

63.  In  the  discussion  of  the  method  for  computing  the  lock  capac¬ 
ity,  there  was  a  discussion  of  the  significance  of  lock  setup  time; 
i.e.,  the  time  it  takes  to  clear  the  lock  after  the  last  cut  of  a  lock¬ 
age  is  completed  and  the  gates  of  the  lock  chamber  have  been  opened  to 
discharge  the  locked  vessel  until  the  lock  has  been  prepared  for  the 
next  vessel  to  be  locked  and  that  vessel  has  approached  the  lock  and  the 
bov  of  that  vessel  has  entered  into  the  chamber.  Significant  times  in 
this  setup  time  are  the  approach  and  the  exit  lockage  components.  Two 
types  of  approaches  and  exits  are  significant  in  determining  lock  capac¬ 
ities — exchange  and  turnback. 

6U.  An  exchange  approach  and  exit  occur  when  the  exiting  and  the 
entering  vessels  are  traveling  in  opposite  directions  and  they  exchange 
the  use  of  the  lock  at  the  approach  point  or  somewhere  in  the  approach 
channel,  if  possible.  In  this  case,  the  exit  begins  as  soon  as  the  lock 
gates  are  fully  in  their  recesses  and  ends  when  the  bow  of  the  exiting 
tow  has  passed  the  stern  of  the  entering  tow  or  the  approach  point, 
whichever  is  first.  The  exchange  approach  begins  when  the  exit  of  the 
exiting  tow  ends  and  ends  when  the  entering  tow's  bow  crosses  the  sill 
at  the  open  gates. 

65*  A  turnback  approach  and  exit  occur  when  the  exiting  and 
entering  tows  are  traveling  in  the  same  direction.  In  this  case  the 
lock  must  be  reversed  between  the  exit  and  approach  to  serve  the  follow- 
on  tow.  The  turnback  exit  begins  as  soon  as  the  gates  have  opened  and 
are  fully  in  their  recesses  and  ends  when  the  tow  has  cleared  the  lock 
sufficiently  so  that  the  gates  may  be  closed.  The  turnback  approach 
will  begin  as  soon  as  the  lock  has  been  reversed  and  the  gates  have  been 
opened  and  are  fully  in  their  recesses,  and  ends  when  the  tow's  bow  has 
crossed  the  sill  at  the  open  gates. 


66.  When  a  turnback  approach  is  required  the  entering  tow  will 
approach  the  lock  through  the  approach  channel  and  tie  to  the  approach 
wall  near  the  lock  gate,  awaiting  the  lock's  reversal.  Thus,  the  turn¬ 
back  approach  will  normally  be  much  shorter  than  the  exchange  approach. 
Likewise  the  turnback  exit  will  end  before  the  exiting  tow  has  transited 
the  exit  approach  and,  therefore,  will  be  much  shorter  them  the  exchemge 
exit.  If  the  sum  of  the  average  turnback  approach  and  exit  and  the  in¬ 
tervening  lock  reversed,  (turnback)  times  erne  less  than  the  sum  of  the 
average  exchemge  approach  emd  exit,  there  is  a  time-saving  advantage  in 
using  consecutive  lockages  in  a  single  direction.  However,  one  must 
recognize  that  forced  delays  will  result  when  tows  are  selected  for 
lockage  in  some  manner  other  than  the  arrival  order. 

67.  A  third  type  of  approach  and  exit  does  exist.  However,  this 
type  of  approach  and  exit  occurs  only  when  there  is  no  vessel  waiting  to 
be  serviced  at  the  lock;  therefore  it  is  of  no  significance  in  determin¬ 
ing  a  lock's  capacity. 

68.  In  all  exit  types  during  the  standard  lock  operating  policy 
followed  at  most  locks,  multicut  lockages  will  recouple  on  the  lock  wall 
before  exiting  the  lock  chamber.  Thus,  the  lock  cannot  be  used  during 
this  procedure  and  the  time  required  to  recouple  is  included  in  the  exit 
times  recorded.  Other  lock  operating  policies  do  not  allow  this  and 
make  provisions  for  extracting  the  unpowered  cut  and  re-forming  the  tow 
at  some  point  clear  of  the  lock  chamber.  The  IC  processing  procedure 
requires  that  the  unpowered  cut  be  extracted  with  a  switchboat  and 
allows  the  tow  to  re-form  on  an  extended  guide  wall.  To  take  full 
advantage  of  this  benefit  requires  that  the  tow  selection  policy  be  a 
series  of  tow  lockages  from  the  same  pool,  thus  allowing  the  re-formation 
to  occur  while  the  lock  is  being  reversed  to  pick  up  the  following 
vessel.  The  other  primary  tow  processing  procedure,  RTS,  requires  tows 
to  approach  the  lock  already  configured  for  immediate  entry  without 
refleeting.  This  requires  that  tows  use  switchboats  or  that  towboats 
assist  each  other  to  move  portions  of  tows  that  are  too  large  to  be 
locked  in  a  single  chambering.  Any  tow  breakdown  and  re-forming  must 

be  completed  at  facilities  completely  clear  of  the  lock  facilities. 
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69.  From  this  discussion  the  significance  of  the  tow  approach  and 
exit  times  can  he  determined.  Figures  23  and  2h  present  the  average 
monthly  times  for  exchange  and  turnback  approaches  to  the  main  and 
auxiliary  chambers,  respectively.  One  can  readily  observe  the  wide 
fluctuations  in  these  times  from  month  to  month.  Generally,  one  can 
observe  that  doubles  and  setover  lockages  require  more  approach  time 
than  single  lockages  for  an  exchange  type  approach.  Single  other  lock¬ 
ages  require  a  minimum  amount  of  approach  time.  One  can  readily  observe 
the  time  advantage  of  turnback  approaches;  however,  there  is  much  more 
scatter  in  the  turnback  approach  times  for  the  auxiliary  chamber.  Much 
of  the  variation  observed  in  the  times  for  auxiliary  chambers  is 
probably  due  to  small  sample  sizes,  especially  for  the  single,  setover, 
knockout,  and  multicut  types  of  lockages.  In  addition,  the  auxiliary 
chamber  is  located  toward  the  river  and  tows  approaching  this  chamber 
are  more  susceptible  to  the  outdraft  currents  at  the  ends  of  the  ap¬ 
proach  walls;  therefore  the  approach  times  are  going  to  be  much  more 
affected  by  changing  flow  conditions  than  those  in  the  main  chamber. 

70.  The  monthly  average  exchange  and  turnback  exit  times  recorded 
for  the  main  and  auxiliary  chambers  at  L&D  26  sure  also  displayed  in 
Figures  25  aind  26.  Again,  major  variations  in  these  average  times  can 
be  observed  from  month  to  month,  especially  for  the  auxiliary  chamber. 
Much  of  the  variations  observed  for  the  auxilisury  chamber  again  is  due 
to  the  amii.il  sample  sizes  available  for  computing  these  averages.  One 
can  readily  observe  the  distinct  advantage  of  the  single  lockage  exit 
over  the  double,  multicut,  and  setover  exits,  reflecting  the  time  re¬ 
quirements  for  the  tow  re-formation  operations.  The  additional  time 
required  for  the  change  in  average  processing  times  of  the  individual 
components  is  relatively  small,  about  6  min  for  doubles.  However,  the 
increase  in  the  average  processing  time  for  all  lockages  was  very  large, 
about  28  min.  This  was  due  to  the  increase  of  multicut  lockages  from 
18  percent  of  aill  lockages  in  March  to  kk  percent  in  April  (Figure  22). 
During  July,  August,  amd  September,  the  average  processing  times  dropped 
drastically  due  to  a  sharp  reduction  in  the  percentage  of  multicut 
lockages,  a  reduction  in  doubles,  and  a  large  increase  in  single  other 


23.  Average  exchange  and  turnback  approach  times  L&D  2 6  main  chamber 


vessel  lockages  (this  lockage  type  involves  recreation  craft  and 
lightboats) . 

71.  As  noted  earlier,  the  IC  lock  operating  policy  was  initiated 
for  the  main  chamber  during  May  following  an  emergency  condition  and  was 
continued  to  some  degree  in  the  months  following  May.  This  lockage 
policy  does  not  allow  a  tow  to  re-form  until  it  clears  the  lock  chamber; 
thus  the  reconfiguring  time  is  not  included  in  the  exit  time  for  a  tow. 
The  exit  times  for  doubles  in  the  main  chamber  were  reduced  during  May 
and  July  but  tended  to  increase  during  August  and  September  a’>  the  IC 
policy  was  more  loosely  observed.  Single  setovers  also  decreased  their 
exit  times  during  July  through  September,  as  well,  indicating  tnat  they 
also  began  to  observe  this  policy.  This  reduction  occurred  in  both 
exchange  and  turnback  type  exits. 

72.  When  the  capacity  of  a  lock  is  computed  using  the  RTS  tow 
processing  policy,  the  single  lockage  approach  and  exit  times  become 
very  critical.  These  lockage  types  axe  a  very  small  percentage  of  the 
lockages  (in  the  main  chamber  they  are  less  than  5  percent  of  all  lock¬ 
ages)  and  when  the  times  are  determined  as  a  function  of  direction  and 
approach  or  exit  type,  the  number  of  observed  cases  becomes  very  small. 
Thus,  in  determining  the  lock  capacities  it  was  felt  that  the  lockage 
times  should  be  based  on  the  annual  average  times.  Since  only  the 
average  time  value  and  the  number  of  samples  in  a  given  month  were 
readily  available,  the  average  times  were  computed  as  the  sum  of  the 
product  of  the  average  time  and  the  number  of  observations  included  in 
the  average  divided  by  the  total  observations.  These  times  are  included 
in  Tables  in  Appendix  C. 

73.  A  more  detailed  analysis  of  the  time  saved  by  eliminating  tow 
breakdown  and  refleeting  inside  the  lock  can  be  made  by  comparing  the 
increased  lock  entry  and  exit  times  for  tows  requiring  such  an  opera¬ 
tion  with  the  same  times  for  straight  single  lockage  tows.  Such  an 
analysis  is  included  in  Tables  9  and  10  for  fleeting  operations  in  the 
main  and  auxiliary  chambers  of  L&D  26,  respectively.  Generally  speaking, 
the  fleeting  operation  time  savings  are  greatest  for  setover  lockages, 
then  doubles,  and  then  knockouts  in  that  order.  Refleeting  times  are 


greater  than  breakdown  times.  These  times  correspond  well  with  those 
observed  by  Peat,  Marwick,  Mitchell,  and  Co.  during  the  switchboat  tests. 
Again,  fleeting  times  for  setover  and  knockout  types  of  lockages  vary 
considerably,  primarily  due  to  small  sample  sizes,  especially  in  the 
down  direction.  Refleeting  operations  for  upbound  tows  in  the  auxiliary 
chamber  increased  very  significantly  during  January  and  February,  ap¬ 
parently  due  to  ice  conditions. 

7*+.  The  process  of  lock  reversal  without  a  tow  in  the  chamber  is 
called  swing-around  or  turnback  and  is  important  when  comparing  lock 
operating  policies,  particularly  for  policies  that  perform  several  lock¬ 
ages  in  the  same  direction  sequentially.  Table  11  presents  observed 
monthly  average  times  for  the  main  and  auxiliary  chambers  at  L&D  26. 

The  times  are  relatively  constant  except  during  January  1976  for  the 
main  chamber  and  January  and  February  1976  in  the  auxiliary  chamber. 
Chamber  emptyings  appear  to  take  considerably  longer  during  these  months, 
probably  due  to  ice  conditions.  No  explanation  is  available  for  the 
apparent  increased  swing-around  times  in  the  auxiliary  chamber  during 
April  1976. 

75.  In  determining  the  lock  capacity,  an  adjustment  is  made  to 
the  total  available  time  during  the  analysis  period  for  time  when  the 
lock  is  unavailable  due  to  equipment  malfunctions,  accidents,  weather, 
or  other  causes  and  due  to  time  spent  processing  vessels  other  than 
tows,  namely  recreation  craft  and  light boats.  In  the  DM11  report, 

an  adjustment  for  downtime  of  2  percent  was  made  based  on  long-term 
observed  history  of  time  lost  in  the  main  chamber.  During  the  L&D  26 
reanalysis,  an  analysis  was  made  of  PMS  stall  data  during  1976.  This 
resulted  in  an  average  lost  time  of  2.9  and  1.6  percent  (see  Tables  12 
and  13)  in  the  main  and  auxiliary  chambers,  respectively.  Thus,  the 
average  lost  time  factor  of  2  percent  seems  to  remain  a  reasonable 
estimate  for  L&D  26. 

76.  Another  adjustment  that  is  required  in  determining  the  total 
time  available  for  locking  tows  is  a  reduction  for  noncommercial  lock¬ 
ages,  i.e.,  lockages  that  do  not  involve  tows  with  barges.  To  adjust 
for  this  factor,  a  weighted  average  lockage  time  for  such  lockages  and 
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Table  11 

Monthly  Variations  In  Average  Swing-around  Times 

L&D  26 


Month 

Main 

Chamber 

Auxiliary  Chamber 

1 

Up  Direction 

Oct 

75 

13 

14 

5 

7 

Nov 

75 

12 

14 

7 

6 

Dec 

75 

11 

11 

3 

5 

Jan 

76 

12 

19 

8 

10 

Feb 

76 

13 

14 

6 

10 

Mar 

76 

11 

11 

4 

3 

Apr 

76 

10 

11 

10 

8 

May 

76 

12 

12 

7 

6 

Jul 

76 

13 

14 

4 

4 

Aug 

76 

13 

13 

3 

S 

Sep 

76 

14 

14 

6 

5 

Avg 


12.1 


13.4 


5.7 


6.3 


Less  than  0.1  percent.  Ignoring  the  May  stall,  the  average  stall  vould  be  3.8. 


Table  13 


•Less  than  .1  percent. 


the  average  number  occurring  during  a  month  throughout  the  shipping 
season  (April  through  November)  was  determined  for  the  auxiliary  chamber. 
These  values  are  shown  in  Table  14.  No  adjustment  was  required  for  the 
main  chamber  as  only  six  of  these  lockages  occurred  during  the  1976 
shipping  season. 


Table  14 

Noncommercial  Lockages  in  Auxiliary  Chamber 
L&D  26.  Mississippi  River 


Month 

1976 

Number  of 

Lockages 

Occurring 

Average 

Time 

min 

No.  x  Avr  Time 

April 

50 

19.4 

970 

May 

70 

20.4 

1,428 

June 

NA 

NA 

NA 

July 

180 

19.5 

3,510 

August 

113 

19.2 

2,170 

September 

132 

20.0 

2,640 

October 

77 

20.8 

1,602 

November 

63 

21.3 

1.342 

Total 

685 

13,662 

Avg 

98 

19.94 

Lock  Utilization 


77-  Table  15  presents  the  relation  of  tonnage,  utilization,  and 
empty  barge  percentages  for  the  main  and  auxiliary  chambers  and  for  the 
lock  as  a  unit.  The  utilization  is  based  upon  the  use  of  the  lock  to 
service  vessels  and  includes  all  of  the  time  from  the  beginning  of  lock¬ 
age  of  the  first  cut  to  the  end  of  lockage  of  the  last  cut  and  the  time 
for  all  turnbacks  between  lockages  when  the  vessels  locking  immediately 
following  one  another  were  traveling  in  the  same  direction.  Table  15 
reveals  that  the  main  chamber  was  used  consistently  at  a  level  of 
93  percent  or  higher,  except  for  the  months  of  December  1975  and  April 
1976.  This  is  a  very  high  utilization  rate.  In  December  the  traffic 
level  was  exceptionally  low.  In  April,  use  of  the  main  chamber  was 
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Table  15 

Lock  Utilization.  L&D  26 
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curtailed  following  an  accident  at  the  lock.  Utilization  of  the  auxil¬ 
iary  chamber  was  also  except ionally  high  during  the  sample  period. 

78.  Since  the  main  chamber  is  so  heavily  utilized,  the  auxiliary 
chamber  must  normally  absorb  any  extra  traffic  load.  Care  must  be 
exercised  to  clarify  the  tonnage/utilization  relation,  since  the  per¬ 
centage  of  empty  barges  locked  is  also  very  significant.  During  October 
1975,  one  of  the  largest  tonnage  levels  passed  through  L&D  26,  yet 
utilization  of  both  lock  chambers  was  less  than  in  November  1975.  since 
more  tows  were  locked  as  the  result  of  an  increase  in  return  empty 
barges. 

79.  Likewise,  variations  in  lockage  component  processing  times 
also  influence  lock  utilization.  For  example,  more  tonnage  passed 
through  LAD  26  during  May  1976  than  either  October  or  November  1975  even 
though  there  was  a  higher  percentage  of  empty  barge  movements.  A  change 
in  lock  operating  policy  caused  this  when  the  more  efficient  IC  proce¬ 
dure  was  employed  in  May  to  alleviate  the  traffic  congestion  accumulated 
during  April. 


PART  V:  ANALYSIS  OF  CAPACITY 


New  Data — L&D  26 

80.  Based  on  an  analysis  of  1975-76  conditions  at  L&D  26,  the 
findings  support  that  traffic  characteristics  have  changed  sufficiently 
from  those  used  to  determine  the  lock  capacity  in  earlier  studies  to 
warrant  a  reanalysis  of  the  lock  capacity  using  these  traffic  character¬ 
istics.  In  addition,  a  long-term  record  of  new  data  on  the  lockage 
component  times  was  available  to  provide  a  more  accurate  service  time 
data  base  and  data  for  one  month  were  available  describing  locking  times 
under  the  IC  lock  operating  policy.  These  data  were  reduced  to  the  form 
required  by  the  lock  capacity  computation  procedure  described  earlier. 

81.  The  annual  commodity  movement  pattern  observed  during  1976 
was  the  most  recent  data  available  for  analysis  of  lock  capacity.  These 
data  reflected  the  changes  that  had  occurred  in  commodity  mix.  The 
percent  distribution  of  commodities  by  commodity  group  is  presented  in 
Table  16.  Since  a  typical  month  in  the  shipping  season  was  found  to 
carry  9.22  percent  of  the  annual  traffic,  the  lock  capacity  determined 
for  a  30-day  period  was  multiplied  by  1/0.0922  or  10.85  to  obtain  the 
annual  capacity.  The  capacity  of  L&D  26  was  also  determined  based  on 
the  distribution  of  commodities  observed  during  a  peak  month.  May  1976. 
During  this  month  an  unusually  large  percentage  of  the  tonnage  moved  was 
grain  (Table  17). 

82.  The  characteristics  of  the  1976  fleet  served  by  L&D  26  were 
very  difficult  to  define  using  the  available  data.  Tows  with  integrated 
barges  and  mixed  barge  types  could  not  be  automatically  classified  by  a 
computer  because  of  the  complicated  decision-making  processes  involved. 
Thus,  analysis  of  fleet  characteristics  had  to  be  partially  determined 
by  hand.  Since  data  for  the  full  year  were  too  voluminous,  selected 
data  were  used  to  determine  the  tow  characteristics.  The  general  annual 
characteristics  of  the  fleet  were  determined  and  compared  with  the 
monthly  characteristics.  The  data  for  March  1976  were  found  to  be  very 
close  to  the  general  characteristics  of  the  annual  traffic  (Table  18); 


COMMODITY  matrix 

COMMODITY  COMMODITY _ UP - 

NO.  NAME 


GRAIN 


PETROLEUM 

GRVLjlJNOjA 
IRON  &  STEE 
CHEMICALS 
OTHER  4  MIS 
TOTAL 


_ DOWN. 


PERCENT 

_ LOT  M._ 


_ ,«7_ 

2.35 

13.80 

1.93 

37.71 


_ ,  66 _ 

2.30 

_ .59 

5.22 

62.29 


55 
39 
.72 
1.13 
a.  65 

7.16 

100.00 


Table  17 

May  1976  Commodity  Distribution 
L&D  26,  Mississippi  River 


COMMODITY  MATRIX 


COMMODITY  COMMODITY 
NO.  NAME 


DOWN 


PERCENT 

TOTAL 


Mississippi  River 


Average  1976 

March  1976 

Percent 

Difference 

Percent  empty 

38.1 

37-7 

-1.1 

Barges /tow 

7.4 

7.3 

-1.4 

Barge  s / lockage 

4.4 

4.5 

+2.3 

Tons /tow 

6.8 

6.6 

-2.9 

Tons/lockage 

4.1 

4.1 

0.0 

Tons /"barge 

916.0 

906.0 

-1.1 

Lockages/tow 

1.7 

1.6 

-5-9 

A 


therefore  the  month  of  March  was  chosen  to  represent  the  average  annual 
traffic.  In  addition,  the  traffic  characteristics  observed  during  the 
peak  traffic  month  of  May  1976  were  used  in  determining  L&D  26  capacity. 

83.  Tables  19  and  20  show  the  commodity/barge/tow  relations  for 
1976  and  for  the  month  of  May.  The  primary  difference  in  the  distribu¬ 
tion  between  commodity  types  and  barge  types  is  the  distribution  of 
petroleum  and  chemicals  among  the  different  sized  tank  barges.  In  the 
1976  data,  it  was  not  possible  to  distinguish  between  agricultural  and 
industrial  chemicals  being  carried  in  the  different  barge  types.  There¬ 
fore,  no  distinction  between  chemical  classes  was  made  in  the  1976 
commodity  distribution  to  the  barge  types. 

84.  The  average  loads  carried  by  the  various  barge  types  was 
slightly  different  between  the  two  cases.  In  all  cases  only  the  petro¬ 
leum  and  chemical  barges  were  considered  to  be  dedicated  since  the 
possibility  of  contamination  is  high  and  the  resulting  cleanup  process 
is  costly. 

85.  One  of  the  more  critical  tow  characteristic  descriptions  is 
the  distribution  of  tow  sizes  in  terms  of  number  of  barges  per  tow. 
Tables  21  and  22  present  the  tow  size  distribution  for  the  1976  and  May 
fleet  characteristics,  respectively.  The  lockage  types  required  to 
process  these  tows  in  the  present  lock's  main  and  auxiliary  chambers  and 
a  new  1200-ft  chamber  are  also  identified.  One  can  readily  observe  the 
increase  in  tow  sizes  of  the  predominant  tow  type  (Hopper  Jumbos)  toward 
a  nearly  50  percent  concentration  of  15  barge  tows.  There  are  also 
corresponding  increases  in  most  of  the  petroleum  and  chemical  tank  tow 
types. 

86.  When  all  of  the  tows  are  assumed  to  lock  through  a  single 
large  chamber  and  the  tow  distribution  continues  to  contain  small  tows, 
then  a  tow  processing  policy  that  would  allow  the  small  tows  to  be 
locked  together  (multivessel  lockages)  should  be  considered.  Such 
events  occur  as  the  present  tow  fleet  is  processed  in  a  single  chamber 
1200-ft  lock.  At  present,  the  methodology  being  used  to  determine  lock 
capacity  is  not  able  to  estimate  directly  the  effect  of  multivessel 
lockages;  therefore,  an  approach  was  used  in  which  the  distribution  of 
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Table  19 

Average  1976  Commodity/Barge/Tow  Relations 
L&J)  26,  Mississippi  River 

COMMODIJY_  DISTRIBUTION  BY  BARGE  TYPE 
(PERCENT) 


COMMODITY  • 
NO. 
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_ BARGE  DATA  • 

BARGE  TYPE 

NAME 

AVERAGE 

DEDICATED 

ASSOCIATED 

NO. 

_ _ BARGE  LO A D 

EQUIP. (X) 

TOW  TYPE 

1 

HOPPER  JUMBO 

1338 

0 

1 
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1417 
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Table  20 

\ 

L?  1 

May  1976  Commodity/Barge/Tow 

Relations 

| 

L&D  26,  Mississippi  River 

' 

COMMODITY  DISTRIBUTION  BY 

BARGE  TYPE 

. .  _  _ 

i 

;  • 

(PERCENT) 

commodity  . 

NAME 

BARGE  TYPES 

TOTAL 

1  i 

NO. 

1  2  3 

4  5  6 
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BARGE  DATA 

BARGE  type 
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NO. 

barge  LOAD 

EQUIP. (X) 
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Table  21 

Average  1976  Tow  Size  Distribution 


L&D  26,  Mississippi  River 


IW  DISTRIBUTION  DATA 


TO 
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Table  22 


May  1976  Tow  Size  Distribution 
L&D  26,  Mississippi  River 
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1 

0 

1 

1 

2 

20 

1 

1 

3 

0 

1 

1 

4 

0 

1 

2 

5 

0 

1 

2 

6 

20 

1 

2 

6 

0 

44 

3 

10 

20 

2 

4 

12 

20 

2 

4 

15 

20 

2 

5 

3 

PETROL  I4NKM 

1 

3 

1 

1 

2 

17 

l 

99 

3 

15 

44 

2 

4 

39 

1 

2 

5 

15 

2 

3 

6 

5 

2 

3 

7 

0 

2 

4 

6 

3 

2 

a 

Q 

O 

3 

5 

10 

2 

3 

5 

a 

HEthOl  Tankl 

1 

2 

1 

l 

2 

32 

1 

44 

3 

7 

99 

2 

a 

95 

2 

3 

5 

5 

2 

3 

b 

7 

2 

4 

7 

2 

2 

a 

5 

CHEW  JUM3U 

1 

5 

1 

1 

2 

1  l 

1 

1 

3 

5 

1 

1 

4 

5 

1 

2 

5 

1  1 

1 

2 

6 

0 

1 

2 

fe 

5 

44 

3 

1 0 

0 

2 

4 

12 

5 

2 

4 

15 

53 

2 

5 

6 

CHE*  TAM  W 

\ 

2 

1 

1 

2 

15 

1 

44 

3 

25 

44 

2 

4 

25 

1 

2 

5 

10 

2 

3 

6 

3 

2 

3 

7 

'  5 

2 

4 

8 

0 

? 

U 

9 

0 

3 

5 

1 0 

)  S 

3 

5 

7 

C *c  H  T  •  ms  L 

1 

0 

i 

t 

2 

35 

t 

4  4 

3 

50 

44 

2 

u 

5 

2 

3  : 

5 

5 

2 

3  < 

b 

5 

2 

9  i 

7 

O 

2 

..AjJ 
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the  tow  sizes  was  modified  to  reflect  the  occurrences  of  multivessel 
lockages.  The  tow  size  distribution  was  modified  to  reflect  the 
assumption  that  queues  at  the  lock  would  be  large  enough  to  accommodate 
the  selection  of  a  small  tow  that  would  fit  in  the  lock.  Thus,  the 
smaller  tows  were  eliminated  and  their  percentages  included  in  combina¬ 
tions  with  the  larger  tows.  Using  this  procedure,  the  tow  size  distri¬ 
bution  selected  to  represent  multivessel  operations  at  a  single  1200-ft 
lock  is  shown  in  Table  23 

87.  The  standard  lockage  times  used  in  this  analysis  study  for 
the  present  locks  were  based  on  the  average  annual  processing  times 
determined  as  a  weighted  average  of  the  months  in  the  shipping  season. 
These  times  are  shown  in  Table  2k.  The  lockage  times  for  the  single 
1200-ft  chamber  were  derived  from  observed  lockage  times  at  locks  with 
similar  characteristics  of  the  same  size  and  are  shown  in  Table  25. 

These  locks  were  Pike  Island,  New  Cumberland ,  Racine,  and  Belleville  on 
the  Ohio  River.  These  are  the  same  times  used  in  the  simulation  study 
reported  in  DM11.  The  same  lock  timings  were  used  for  a  given  chamber 
whether  it  was  being  considered  as  a  single  chamber  facility  or  as  part 
of  a  dual  chamber  lockage  facility. 

88.  In  November  1976,  a  lock  operating  policy  was  initiated  at 
L&D  26  that  required  a  tow  to  refleet  clear  of  the  lock.  This  was 
usually  accomplished  with  the  assistance  of  another  towboat.  The  IC 
policy  reduces  considerably  the  time  required  for  double  and  setover 
lockages.  The  observed  times  for  lockage  components  during  November 
1976  were  used  to  analyze  the  effects  of  this  policy  on  the  lock  capac¬ 
ity  determination  (see  Table  26). 

89.  The  times  that  th^  lock  is  unavailable  to  service  tows  as  the 
result  of  maintenance,  accidents,  weather,  and  the  demands  of  recreation 
vessels  and  lightboats  are  accounted  for  by  using  annual  and  seasonal 
average  values,  as  presented  in  the  discussion  of  field  data.  Histor¬ 
ically,  the  lock  is  unavailable  about  2  percent  of  the  time.  The  time 
spent  processing  recreational  vessels  and  lightboats  is  considered  to 
remain  constant  until  capacity  is  reached;  and  all  of  these  lockages  are 
assumed  to  take  place  in  the  auxiliary  chamber,  if  one  is  available  at 
the  lock  site. 
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Table  23 


Tow  Size  Distribution  with  Multivessel  Lockages  in  a 


Single  1200-ft  Chamber 
I&D  26,  Mississippi  River 


TOW  DISTRIBUTION  DATA 


TOW _ 

TYPE  NAPE  NO.  BRG3  OIST.  LOCKAGE  TYPE 

_ NO . _ PER  TOW  CX 3  MAIN 


,1 _ HOPPER  JUMBO _ HI 

12 

_ L5L 

2  PETROL  JUMBO  6 


3  PETROL  TANKM  4 

_  5 

6 


_ a_ 

10 

U  PETROL  TAiMKl _ §_ 

5 

_ 6_ 

7 

5  CHEM  JUMBO _ 8_ 

10 

_ L2_ 

15 

6  CHEM  TANK  _M _ _4_ 

5 

_ fe_ 

7 

_ 8_ 

4 

_ 10_ 

7  CHEM  TANK  L  4 

_ 5 


34 

-JLL 

14 

31 

3L. 

5 

1 1 

23 
_19_ 

B 

_1± 

36 

_23. 

20 

_1_3 

24 

31 

32 
_ 7 

in 

_2_7 

23 

16 

9 

0 

23 

40 


_1 _ 

1 

1 


1 

1 


1 

1 . 

1 

_1 _ 

2 

_1 _ 

1 

1 _ 

1 

_1 _ 

1 

_1 _ 

1 

1 _ 

1 

_1 _ 

1 

L  _ 

1 

2 
1 

l  __ 


f 


Table  24 

Lockage  Times,  Present  Locks 
L&D  26,  Mississippi  River 


LUCKING  TIME  DISTRIBUTION 


LOCKAGE 

APPROACH 

CHAMBERING 

exit 

NU 

.  TYPE 

or* 

-CHAM 

EXCH-. 

TURN 

EXCH. 

1  URN 

1 

SINGLE 

u 

MAIN 

14.9 

3.5 

22.0 

10.7 

6.6 

0 

16.9 

1.6 

19.6 

10.4 

6.4 

1 

SINGLE 

u 

AIJX, 

7.7 

3.9 

15.4 

4.6 

3.5 

* 

D 

10,6 

3.5 

15.4 

5.2 

3.6 

2 

DOUBLE 

u 

MAIN 

22.9 

2.6 

75.6 

27.4 

17.0 

0 

24.6 

2.4 

65.0 

30.7 

16.2 

2 

DOUBLE 

u 

AUX. 

14.7 

9.3 

70.1 

23.2 

21.6 

D 

16.5 

5.3 

60.6 

20.6 

t  4 . 1 

3 

TRIPLE 

U 

MAIN 

?  4 . 0 

7.5 

136.6 

20.0 

5.7 

D 

47.5 

7.5 

136.6 

55.0 

5.7 

3 

TRIPLE 

U 

AUX. 

17.4 

5.6 

151.6 

25.3 

25.5 

D 

25.6 

12.4 

157.2 

30.0 

23.2 

a 

9ETOVER 

U 

MAIN 

20.3 

3.0 

a3 . 7 

22.9 

1  7  .  f 

0 

19.6 

1  ,e 

26.6 

21.« 

13.o 

4 

SE  TUVER 

U 

AUX. 

15.2 

6,0 

31.0 

23.9 

27.0 

D' 

*  14.1  - 

3.9 

32.5 

16.1 

12.2 

5 

MUl T1PLE 

U 

MAIN 

14.9 

3.3 

22.0 

10.7 

6.6 

U 

16.9 

1  .6 

19.6 

10.4 

6.4 

5 

MUl 1 1  RLE 

U 

AUX. 

7.7 

3.9 

15.4 

4.6 

3.S 

0 

10.6 

3.6 

15.4 

5.2 

3.6 

6 

TURNBACK 

U 

MAIN 

0. 

0. 

12.1 

0. 

0. 

D 

0. 

0. 

13.4 

0. 

0. 

b 

TURNBACK 

U 

AUX  . 

0. 

0. 

5.7 

0. 

0. 

D 

o.  - 

0. 

6.3 

0. 

0. 
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Table  25 


Lockage  Times,  1200- ft  *  110-ft  Replacement  Lock 


_ LOCKING  TIME  DISTRIBUTION _ 

LOCKAGt 

APPROACH 

chambering 

EXIT 

1  YPE 

0I« 

CHAN 

EXCH. 

TURN 

EXCH. 

TURN 

SINGLE 

U 

MAIN 

IN. 9 

3.3 

22.0 

10.7 

6.6 

0 

16.9 

.  U6_ 

22.0 

10.4 

6.4 

DOUBLE _ 

y 

MAIN 

22.9 

2.6 

70.0 

27.4 

17,0 

D 

29.6 

2.4 

70.0 

30.7 

18.2 

TRIPLE 

u 

MAIN 

24.0 

7.5 

118.0 

20.0 

5.7 

D 

47.5 

_ 7j  5  _ 

118,0 

55.0  . 

5.7 

SFTOVER 

U 

MAIN 

21.2 

3.0 

26.6 

22.8 

17.7 

D 

19. a 

1.6 

24.4 

21.4 

13.6 

MUl TIPLE 

U 

MAIN 

14.9 

3.3 

22.0 

10.7 

6.6 

D 

16.9 

1.6 

22.0 

10.4 

6.4 

TURNBACK 

U 

MAIN 

0. 

0. 

12.1 

0. 

0. 

D 

0. 

0. 

13.4 

0. 

0. 
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H»iq«hMCaEH 


I R I BUT I UN 


LOCKAGE 


APPROACH  CHAMBERING 


EXIT 


.  TYPE  DIR  CHAM  EXCH.  TURN 


EXCH.  TURN 


22.0  10.7 


SINGLE  U  MAIN  14.9 

16.9 


10. 6  3.5  15.4  5 


DOUBLE  U  MAIN  21.6 

21.5 


56.8 


18.8  6.1  58.6  17.4  10.7 


SbTOVER  U  MAIN  18.1  3.5  33.1  20.1  9.3 

D  21.0  l.b  28.1  16.3  14.1 


37.0  32.7  27.0 


QCTnUCQ  II  AIIX 


multiple 


18.9  1.3  26.6  12.4 

mTTn  \u,9  3. '3  22.0  10.7 

lb. 9  l.b  19.6  10.4 


Mill  Ttdl  c  II  Aim 


TURNBACK  U  MAIN 
0 


TURNBACK  U  AUX 


L&D  26,  Mississippi  River 


Table  26 

Lockage  Times.  Present  Locks  Using  Industry  Choice 
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90.  Current  lockage  data  at  L&D  25  and  27  were  also  analyzed, 
though  not  in  as  much  depth,  to  determine  changes  in  traffic  and  lock¬ 
age  characteristics  that  might  affect  the  determination  of  the  capac¬ 
ities  of  these  locks.  This  is  particularly  significant  at  L&D  27,  since 
some  improvements  were  made  to  one  of  the  approach  walls  which  might 
affect  the  locking  times.  Also,  with  the  change  in  traffic  charac¬ 
teristics  noticed  at  L&D  26,  similar  changes  at  these  adjacent  locks 
would  he  expected. 

91.  The  seasonal  effects  of  the  winter  closure  of  the  upper 
Mississippi  River  are  even  more  pronounced  at  L&D  25  than  those  at 
L&D  26  (Figure  27).  L&D  27  is  not  as  affected  by  this  factor  although 
there  remains  a  dip  in  the  percentage  of  annual  traffic  carried  in 
December  through  February  (Figure  28).  A  monthly  average  traffic 
percentage  of  11.0  and  8.43  was  derived  for  L&D  25  and  27,  respectively. 
The  season  used  for  L&D  25  was  March  through  November  and  the  entire 
year  was  used  for  L&D  27.  Annual  commodity  distributions  of  the  tonnage 
movements  through  these  locks  were  obtained  from  the  St.  Louis  District 
and  are  presented  in  Tables  27  and  28. 

92.  The  average  lock  processing  times  for  L&D  25  were  determined 
in  the  same  manner  as  those  for  L&D  26.  These  times  are  presented  in 
Table  29.  The  average  processing  times  for  L&D  27  were  determined  from 
those  observed  during  October  and  November  1976  since  construction 
activities  in  the  lock  approach  restricted  the  entry  of  tows  and  re¬ 
quired  special  operating  conditions  prior  to  this.  October  1976  was 
the  first  full  month  of  record  following  completion  of  these  construc¬ 
tion  activities  and  resumption  of  normal  lock  operations.  These  times 
are  presented  in  Table  30. 

93.  Tow  configuration  data  for  L&D  25  were  derived  based  upon  tow 
size  data  obtained  from  the  St.  Louis  lockmaster  data.  Tow  size  distri¬ 
butions  for  L&D  25  are  shown  in  Table  31.  Since  Jumbo  hopper  tows  so 
predominate  the  traffic  through  these  locks,  this  information  adequately 
described  the  tow  sizes  and  was  readily  available.  L&D  27  traffic 


Figure  27.  Monthly  distribution  of  commodity  movements  L&D  25  years  1970-1976 
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Figure  28.  Monthly  distribution  of  commodity  movements  L&D  27  years  1970-1976 
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Table  27 


1976  Tonnage  Distribution 
L&D  2$,  Mississippi  River 


COMMODITY 

COMMODITY 

COMMU01TY 

MATRIX 

UP 

DORN 

PERCENT 

TOTAL 

NO. 

NAME 

1 

grain 

.50 

56.11 

56.61 

2 

COAL 

10.83 

.00 

15.23 

3 

PETROLEUM 

9.15 

.82 

9.97 

o 

grvl.snd, AG 

.67 

3.28 

3.95 

5 

IRON  &  STEE 

.79 

.30 

1.09 

6 

CHEMICALS 

5.25 

.53 

5.79 

7 

MISC 

TOTAL 

6.51 

37.71 

.85 

62.29 

7.36 

100.00 

Table  28 

1976  Tonnage  Distribution 

L&D  27, 

Mississippi  River 

COMMODITY  MATRIX 

PERCENT 

commodity 

COMMODITY 

UP 

DOWN 

TOTAL 

NO. 

NAME 

1 

GRAIN 

.66 

50.00 

51.10 

2 

COAL 

8.13 

.06 

8.58 

3 

PETROLEUM  . 

8.17 

7.85 

16.02 

0 

GRVL.SND, AG 

.38 

.53 

.91 

5 

IRON  &  STEE 

1.91 

2.06 

3.96 

6 

CHEMICAL 

8.30 

1.16 

9.50 

7 

MISC 

7.86 

2.07 

9.93 

TOTAL 

35.05 

60.55 

100.00 
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Table  29 


1976  Lockage  Times 
LSD  25,  Mississippi  River 


locking  Tine  distribution 


LOCKAGE 

APPROACH 

CHAMBERING 

EXIT 

TYPE 

OIR 

CHAM 

EXCH. 

TURN 

EXCH. 

TURN 

SINGLE 

~u . 

MAIN 

10.9 

2.9 

15.1 

3.9  '  " 

”4.5 

D 

13.0 

**.2 

1*.0 

a. 5 

4.3 

DOUBLE 

U 

MAIN 

13.3 

3.6 

67.3 

18.0 

17.9 

D 

26.3 

e. a 

71.6 

21. a 

16.4 

TRIPLE 

U 

MAIN 

0. 

c. 

0. 

0. 

0. 

D 

0. 

0. 

0. 

0. 

0. 

setover 

U 

MAIN 

15.7 

3.3 

26.0 

22.3  ' 

20.8 

0 

19.1 

5.7 

22.1 

14.1 

16.3 

MULTIPLE 

U 

MAIN 

0. 

0. 

0. 

0. 

0. 

D 

0. 

0. 

0. 

0. 

C. 

TURNBACK 

U 

MAIN 

0. 

0. 

11. a 

0. 

0. 

0 

0. 

mjm 

10.1 

c. 
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LOCKING  TIME  DISTRIBUTION 


LOCKAGE 


APPROACH  CHAMBERING 


TYPE.  DIR  CHAM  EXCH.  TURN 


SINGLE  U  MAIN  14.2 
0  16.3 


SINGLE  U  AUX. 


DOUBLE  U  MAIN 
0 


DOUBLE  U  AUX  r 


TRIPLE  U  MAIN 


U  MAIN 
D 


7. 


12.7 


15.5 


__  EXIT  _ 

EXCH.  "TURN 


TRIPLE 


' 

SFTOVER  U  MAIN 

D 

SbTOVER  U  AUX. 

MUL 

MULTIPLE 

U 

AUX. 

i 

D  V 

TURNBACK 

u 

D 

MAIN 

1 

1 

turnback 

U 

AUX. 

1 

1  1 .0 
10. 0 


Table  31 

Tow  Size  Distribution 
L&D  2$,  Mississippi  River 

TCJM  blSTPieutlON  DATA 


NO#  BAGS  01  ST , 
PER  TOW  (X) 


LOCKAGE  TYPE 
MAIN  AUX 


BARGES/LOCKAGE 

MAIN 


HOPPER  JUMBO 


■TROL  JUMBO- 


3 

30 

1 

1 

3.00 

4 

30 

1 

2 

4.00 

5 

5 

1 

2 

5.00 

b 

20 

1 

2 

6. GO 

- 

5~ 

b 

15 

5 

2 

2 

3 

3 

?.Su 

3.00 

"7  " 

0 

r 

4 

3750  ~ 

a 

3 

2 

4 

4.00 

9  ‘  "" 

b 

3 

5 

~T7oir 

- 5 - F 

:Tkul.  TTTiKT 

10 

- 1 - 

2 

’  ? 

3 

“1 

5 

T - 

3.33 

— i — rrn 

CMEM  JUMBu 


CHE“  tank  m 


CHEN  TANK  L _ I _ 


2.00 
J'OlT 
2.00 
T.  5'6~ 
3.00 
57s<r 
1.00 
2.00' 
3.00 

i.  00 
S.00 
1.00 
2.00 
3.00 
4.00 

_ 2.50 

3.00 
3.50 
1. 00 
2.00 


4 

5 

6 


o 

O  +J 

«o  c  « 

Cd  ••  V  4-> 
3  0  tl'H 

oo  gCO 

r-t  Ou 


w 
'  * 

O  M 

E-*  C  O  P> 

•H  VO  C  ® 
+1  tO  «  V 

in  •«  in  -H 
•ho  ew 
KO  h' 
H<0  0. 


M 

C  O  4J 
•H  VO  C  4> 

P  HI  U  (J 

in  '«  in  1-1, 

•s§swl 

UvOO. 


o 

o  +> 

VO  c 

r-J  6>  4> 
6)  O  in  P> 
3  O  O  *H 
Q  N  Mo 
•H  PU 


cs^o^ 
•*t  o  o\ 
K)  O 


vO  CM  (M 
A  NOV 
J  O  KUO 
■6  «»«%«* 
o>  O  to 


^  n 
TJ-  K>  >0 
♦  rS  *4* 


HOOO  00  to  to 

^  ^  h  n  in  ot 

Ol  VO  M  O  OO  N 


to  CM  LO  OnOO 

oo  m  o  o 

M  NN  ^  ooo 


^  KS  ^  OWN 

to  m  rr  vo  n 

n  O  NO  M  N 

•»*%«?  «  «  • 
OHNf  O  CM  xr 


o  c 

*-•  O  4)  4) 

b6o  in  +j 

CNO  C*H 
•H  ^  V) 
CO  o. 


06 

CO 

•HNO  C  O 

PK)  4)  P 

in  •*  in  *h 
•HO  4)  W 
X  O  K* 
OtUNOO. 

c 

O  06 

H  C  O  P> 

•h  so  c  a> 
P  to  O  P 
in  •  *  in  *h 
•H  o  4)  CO 
X  O  M 
04  vo  a. 


0^10 

in  cn  no 

M  CN  tn 

m  o  to 

On  O  h 

own  n 

•  •  • 

•  •  • 

•  •  • 

n  OtHf 

in  Hin 

no  cm  in 

*OtO  Nf 

to  ^ 

to  M  M1 

n  o» 

H  60  NO 

ON  CM  NO 

NO  CM  H 

NlrtN 

«M  O  ON 

•  •  • 

•  •  • 

•  •  • 

to  o 

NNH 

ON  O  H 

40  NO  60 

in  no  no 

in  r**  60 

no  tn  no 

to  60  ON 

no  to  ON 

CM  60  o 

fM  60  rM 

NO  H  C> 

•  •  • 

•  •  • 

•  •  • 

Nf  h  in 

NO  NO 

NO 

in  non 

in  no  n 

in  no  n 

T3 

5  -a  co 


X  HC  o 

3  o  ^ 

Cfl  «H 

®  ^  o* 

.e  «  o 

4-»  -H  H 
«4H  -H  ® 

°  s  &  1 

6  d  p 

in 

c  ** 

odd 
•C  rX 

+>  C  O 
•H  O 
C  JH 
•H  E 

4) 

6)  Ops 
O  P 
•H  4-> 

es§ 

®  *o 
®  S  ® 

«  p  in 
H  ®  (0 
U.  X>  X>  I 


Forced  Use  in  the  use  of  the  auxiliary  chamber  was  calculated  with  all  tows  that  reasonably  could  using 
the  auxiliary  chamber. 


characteristics  vere  assumed  to  be  the  same  as  those  of  L&D  26.  Barge 
loads,  dedication  factors,  and  distribution  of  tonnage  among  barge  types 
vas  assumed  to  be  the  same  as  those  of  L&D  26,  also. 

94.  Lock  availability  data  vere  derived  from  the  PMS  data  in  the 
same  manner  as  for  L&D  26.  The  time  reduction  for  noncommercial  lock¬ 
ages  at  L&D  25  vas  determined  in  the  same  manner  as  for  L&D  26 ;  how¬ 
ever,  since  there  is  only  one  chamber  this  value  is  applied  to  that 
chamber.  An  average  of  124  lockages  taking  14.31  min  to  process  is 
experienced  during  an  average  month  in  the  shipping  season  at  L&D  25- 
Since  the  L&D  27  chambers  are  so  large,  no  reduction  for  noncommercial 
lockages  vas  made,  since  all  of  these  vessels  would  probably  be  able  to 
find  room  to  lock  with  the  commercial  tows. 

95.  L&D  25  was  found  to  be  unavailable  for  lockages  an  average  of 
1.2  percent  of  the  time.  L&D  27  was  found  to  be  unavailable  less  than 

1  percent  of  the  time. 


Computed  Capacities 

96.  Using  the  information  derived  from  the  1976  data,  the 
computation  method  for  determining  lock  capacities  was  used  to  calculate 
the  capacity  of  L&D  26  under  a  range  of  combinations  of  fleet,  commodity 
mix,  and  lock  operating  policies.  Capacities  were  calculated  for  the 
present  existing  locks,  for  a  single  600-ft  lock  chamber  (to  determine 
the  impact  of  not  being  able  to  use  the  auxiliary  chamber),  a  single 
1200- ft  lock  chamber  (the  proposed  replacement  project),  and  dual  lock 
chambers  of  1200  ft  and  600  ft  in  length.  The  results  of  these  calcula¬ 
tions  are  presented  in  Tables  32-35. 

97.  Capacities  and  the  number  of  tows  expected,  based  on  the 
average  tow  size  and  tonnage  carried  through  each  chamber,  were  '.omputed 
for  combinations  of  the  following  conditions.  Lock  operating  policies 
included  tow  selection  procedures  of  FIFO,  4U-4D,  and  12U-12D  to  repre¬ 
sent  a  long  series  of  consecutive  lockages.  Tow  processing  policies 
included  the  standard  policies  in  which  tow  reconfiguration  in  the 
lock  chamber  is  allowed,  IC  in  which  tows  may  break  down  in  the  lock 
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based  on  the  lockage  type  required. 


L&D  26  Capacity  Analysis 
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Forced  Use  in  the  use  of  the  auxiliary  chamber  was  calculated  with  all  tows  that  reasonably  could  using 
the  auxiliary  chamber. 
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chamber  but  must  re-form  clear  of  the  lock,  and  the  RTS  procedure  in 
which  tows  must  arrive  at  the  lock  in  a  configuration  that  will  allow 
lockage  in  a  single  chambering.  Both  annual  1976  and  May  1976  tonnage 
mixes  were  tested  with  both  average  annual  (March)  1976  and  May  1976 
fleet  characteristics. 

98.  The  effects  of  tows  selecting  either  the  main  or  auxiliary 
chamber  were  tested  for  two  separate  cases.  In  general,  tows  that  could 
single  lock  in  the  auxiliary  chamber  were  considered  to  always  select 
that  chamber.  All  tows  that  were  singles  or  setover  lockages  in  the 
main  and  doubles  or  setovers  in  the  auxiliary  chamber  (triples  were 
also  included  for  tank  type  tows)  were  considered  to  have  a  choice  of 
chambers.  In  one  case,  it  was  considered  that  the  tows  would  be  evenly 
split  in  this  choice  of  chamber;  in  the  second  case,  all  tows  that  had  a 
choice  were  considered  to  select  the  auxiliary  chamber.  All  larger  tows 
were  considered  to  always  use  the  main  chamber. 

99*  One  may  observe  that  the  Improvement  in  lock  capacity  in 
going  from  the  IC  to  the  RTS  processing  policy  is  very  significant,  up 
to  nearly  15  million  tons.  However,  the  improvement  in  going  from  U  to 
12  in  the  sequential  policy  is  relatively  small.  This  can  be  very  im¬ 
portant  since  it  is  readily  apparent  that  the  best  lock  operating  policy 
in  all  conditions  is  a  combination  of  the  12U-12D  tow  selection  policy 
and  the  RTS  tow  processing  procedure. 

100.  One  should  be  cautious  in  quickly  accepting  that  a  long 
sequential  series  of  lockages  is  the  best  tow  selection  policy.  Experi¬ 
ence  in  simulation  modeling  has  demonstrated  that  while  the  lock  utiliza¬ 
tion  may  improve  under  this  policy  (i.e.,  less  time  is  required  to 
process  the  average  tow) ,  there  has  always  been  a  more  rapid  growth  in 
the  average  queue  length  and  waiting  time  associated  with  these  policies 
than  with  the  FIFO.  Since  no  queuing  considerations  are  accounted  for 

in  the  lock  capacity  computation  method  used  in  this  study,  cae  should 
carefully  analyze  these  effects  before  accepting  these  results. 

101.  There  appears  to  be  little  difference  in  most  cases  (less 
than  2  million  tons)  in  the  capacity  determined  when  one  compares  the 
a.nniiA.1  average  and  the  peak  month  fleet  characteristics .  The  effect  is 


99 


i 


larger  with  the  1200-ft  chambers  but  is  in  the  opposite  direction.  How¬ 
ever,  when  the  effects  of  using  the  peak  month's  tonnage  mix  are  com¬ 
pared  with  the  annual  tonnage  mix,  one  observes  significant  increases  in 
the  computed  capacities.  Thus,  the  particular  commodity  mix  so  affects 
the  required  empty  barge  movements,  the  mix  of  equipment  and,  hence,  the 
size  of  tows  that  the  lockage  type  mix  amd  the  tons  carried  in  each 
lockage  change  significantly.  This  carries  very  important  implications 
for  the  necessity  to  provide  very  accurate  commodity  projections  amd  to 
analyze  significant  seasonal,  patterns  in  commodity  mixes,  if  any  exist. 
Unfortunately,  projecting  commodity  movements  is  not  am  exact  science. 

102.  The  emnual  tonnage  mix  is  considered  to  be  the  more  valid 
basis  for  determining  the  lock  capacity  values.  Additionally,  it  is 
acknowledged  that  the  stamdaird  tow  processing  policy  is  not  the  most 
effective  policy  amd  that  the  IC  procedure  is  a  workable  policy.  Based 
on  these  observations,  the  lock  capacity  for  the  present  locks  appears 
to  lie  somewhere  between  60.6  to  8l.T  million  tons  per  yearn. 

Simulation  Results 


103.  In  order  to  confirm  the  results  obtained  using  the  lock 
capacity  computation  procedure,  several  sets  of  simulation  model  runs 
were  made  with  the  TOWGEN  and  WATSIM  IV  models  that  were  used  in  the 
DM11  study.  Descriptions  of  these  models  are  contained  in  the  Attach¬ 
ment  to  Appendix  G  of  DM11  amd  will  not  be  repeated  here.  The  new  1976 
data  used  in  the  computation  procedure  were  used  in  the  simulation  model 
runs.  The  future  tonnage  levels  were  projected  with  a  constemt  ratio 
between  commodity  types  until  full  utilization  of  the  locks  was  obtained 
amd  very  large  queue  levels  were  reached.  A  graph  of  tonnage  versus 
lock  utilization  was  created  using  the  simulation  results.  From  this 
graph,  the  tonnage  level  was  obtained  that  corresponded  to  the  utiliza¬ 
tion  percentage  available  after  adjusting  for  unavailable  time  due  to 
maintenamce,  weather,  accidents,  and  lockages  of  vessels  other  than  tows. 
The  saune  correction  factors  were  used  as  in  the  computation  procedure. 

IOH.  Results  of  the  capacity  determinations  based  on  eeirlier 
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simulation  runs  reported  in  DM11,  as  veil  as  those  runs  completed  as  a 
part  of  this  study,  are  presented  in  Table  36.  Based  on  these  results, 
one  must  conclude  that  the  1976  commodity  mix,  fleet  characteristics, 
and  lockage  times  must  have  created  enough  of  a  difference  in  the  total 
lock  processing  characteristics  to  result  in  the  ability  to  process  more 
tonnage  than  those  based  on  the  available  1972  data.  The  most  signifi¬ 
cant  difference  in  the  1976  and  1972  data  was  in  the  commodity  mix  and 
the  corresponding  shift  to  large  (15  barge)  Jumbo  hopper  tows  in  the 
movement  of  grain  shipments. 

105*  'Results  of  the  simulation  runs  indicate  that  capacity  level 
of  82  to  83  million  tons  based  on  the  1976  data  is  in  agreement  with  the 
computation  methods.  However,  the  simulations  indicate  that  the  FIFO/ 
RTS  lock  operating  policy  results  in  a  much  higher  capacity  than  is  in¬ 
dicated  by  the  computation  procedure.  No  explanation  can  be  given  for 
this  difference  at  this  time. 

106.  There  is  a  difference  in  the  estimated  tows  locked  at  this 
tonnage  level  of  about  2000  tows/year.  This  is  a  difference  of  about 
15  percent  and  is  probably  due  to  the  differences  in  the  manner  in  which 
the  tows  axe  placed  in  the  chambers  of  a  dual  chamber  lock.  The  com¬ 
putation  procedure  assigns  a  portion  of  the  fleet  (generally  the  smaller 
tows)  to  the  auxiliary  chamber  and  the  remaining  tows  to  the  main 
chamber.  This  assignment  remains  fixed  as  the  lock  traffic  increases  to 
the  full  utilization  of  the  lock.  As  the  auxiliary  lock  usually  has 
more  room  for  growth,  the  capacity  level  is  reached  with  a  proportion¬ 
ately  larger  growth  of  small  tows,  i.e.,  more  tows  are  required  to  carry 
each  unit  of  tonnage.  The  simulation  model,  however,  operates  with  a 
fixed  fleet  and  assigns  more  and  more  large  tows  to  the  auxiliary 
chamber  as  the  main  chamber  becomes  more  fully  utilized.  Thus,  the 
auxiliary  chamber's  growth  involves  increasingly  larger  tows  and,  there¬ 
fore,  requires  fewer  tows  to  move  the  capacity  level  tonnage.-*  It  is 
felt  that  the  estimate  of  tows  determined  by  the  simulation  model  is 
more  accurate .  ** 

107*  The  capacity  determined  for  the  single  1200- ft  replacement 
lock  agrees  well  with  that  determined  by  the  computation  method.  The 
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computation  method  varies  from  96  to  100  million  tons  and  the  simulation 
results  indicate  a  capacity  in  the  range  of  98  to  99  million  tons.  The 
tow  estimate  computed  by  the  calculation  procedure  is  not  representative 
since  an  artificial  tow  size  distribution  was  used  to  simulate  a  multi¬ 
vessel  environment. 

Capacities  of  L&D  25  and  27 


108.  Based  on  the  1976  data  available,  the  capacities  of  L&D  25 


and  27  were ‘computed  using  the  lock  capacity  computation  procedure. 


Results  of  these  computations  are  shown  below: 


Tow 

Selection 

Policy 

FIFO 


Tow 

Processing 

Policy 


L&D  25 


Standard  37*79 

RTS  UU.32 


L&D  27 
160.75 
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PART  VI:  SUMMARY  AND  CONCLUSIONS 

109.  This  analysis  of  the  capacity  of  L&D  2 6  and  the  adjacent 
locks  resulted  from  questions  raised  about  earlier  capacity  determina¬ 
tions  made  by  the  Corps  of  Engineers.  These  questions  involved  the 
adequacy  of  commodity  projections,  the  composition  of  the  tows  that 
could  be  expected  to  use  the  locks,  the  accuracy  of  the  lockage  opera¬ 
tion  times,  and  whether  the  Corps  considered  the  most  efficient  opera¬ 
tion  of  the  locks. 

110.  .  In  order  to  assist  in  answering  some  of  these  questions,  the 
Corps  of  Engineers  developed  an  analytical  capacity  computation  tech¬ 
nique  that  is  based  on  the  use  of  readily  available  data.  This  tech¬ 
nique  allows  the  determination  of  lock  capacities  for  various  combina¬ 
tions  of  tow  fleet  characteristics  (with  the  resulting  lockage  type  and 
tow  load  relations),  lock  operating  policies,  commodity  mixes,  and  lock 
utilization  adjustments  for  periods  when  the  lock  could  not  be  used  to 
service  tows.  This  technique  could  account  for  the  interaction  of  the 
tow  sizes,  lockage  type,  lock  operating  policy,  and  required  service 
time  factors.  It  further  accounts  for  barge  movement  balance  require¬ 
ments  and  the  commodity  mix/tow  size  relation  so  that  as  the  commodity 
mix  changes,  the  resulting  change  in  the  empty  barge  movement  ratio  on 
the  lockage  type  and  resulting  times  are  properly  accounted  for  in  the 
capacity  computation. 

111.  This  technique  has  some  limitations  that  must  be  recognized. 
First,  it  does  not  account  for  the  effects  of  queuing,  which  can  be  an 
important  factor,  particularly  when  considering  the  economics  of  the 
lock  service  time  and  the  delay  costs  to  tows  waiting  to  be  serviced  and 
when  comparing  the  lock  operating  policies  to  be  used.  Second,  the 
technique  as  it  is  presently  constructed  accounts  directly  for  lockages 
of  single  vessels,  i.e.,  it  is  primarily  only  applicable  at  locks  where 
the  majority  of  the  tows  are  nearly  the  size  of  the  locks  or  are  larger 
than  the  locks.  An  external  adjustment  can  be  made  to  the  tow  size 
distribution  used  to  describe  the  tow  fleet  to  account  for  the  possi¬ 
bility  of  murtivessel  lockages.  The  success  of  this  approach  was 
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demonstrated  by  comparing  results  obtained  in  this  manner  with  those  for 
a  sophisticated  simulation  model. 

112.  Finally,  the  technique  is  limited  by  the  requirement  to 
externally  define  which  tows  will  lock,  in  which  chambers  when  more  them 
one  chamber  size  is  involved.  Improper  assignment  of  tows  to  these 
chambers  can  result  in  significant  changes  in  the  overall  capacity,  tow 
fleet  characteristics  due  to  the  imbalanced  growth  of  traffic  volume  in 
the  separate  chambers,  or  in  overutilization  of  the  smaller  chamber. 

113.  In  order  to  determine  the  effect  of  base  data  on  the  deter¬ 
mination  of  .the  lock  capacity,  an  analysis  of  the  most  recent  lockage, 
tow,  and  commodity  movement  data  was  made.  Over  one  year  of  detailed 
lockage  and  tow  data  were  available  from  the  recently  implemented. 
Corps-wide  lock  PMS  data.  These  PMS  data  provided  the  basis  for  most  of 
the  analysis.  Differences  in  these  base  data  and  those  used  in  earlier 
studies  were: 

a.  A  basic  shift  in  the  proportion  of  commodity  tonnages 
moving  through  the  locks  had  occurred  since  1972  such 
that  an  overwhelming  percentage  of  the  traffic  involved 
grain  movements. 

b.  This  shift  in  the  commodity  mix  apparently  caused  a 
significant  increase  in  the  empty  barge  movements 
experienced  at  the  locks,  thereby  reducing  the  average 
barge  loads. 

c_.  The  average  tow  size  defined  in  barges  per  tow  and  tons 
per  tow  has  increased  while  the  average  tons  per  barge 
has  decreased  since  1972.  This  apparently  has  been  due 
to  the  increased  volume  of  grain  movements,  thereby 
causing  more  barges  to  be  available  for  movement  during 
a  period  of  time  and  to  the  increased  horsepower  avail¬ 
able  in  the  towing  fleet. 

d.  A  definite  seasonality  effect  is  involved  in  the  tonnage 
movements  and  in  the  lockage  times  required  at  L&D  26  and 
L&D  25  that  must  be  accounted  for  in  any  lock  capacity 
determinations . 

e_.  The  locking  times  are  significantly  influenced  by  the 
lock  operating  policies  and  the  monthly  averages  vary 
considerably  from  month  to  month,  primarily  due  to  the 
small  number  of  occurrences  of  some  lockage  events  and 
changing  conditions  at  the  lock. 

f.  The  effective  unavailability  of  L&D  26  due  to  maintenance. 
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accidents,  and  weather  remains  about  2  percent. 

£.  The  use  of  the  lock  for  servicing  vessels  other  than 
commercial  tows  has  increased  since  1972. 

111*.  In  order  to  account  for  these  changing  conditions  and  pos¬ 
sible  chants  in  lock  operating  policies,  the  physical  lock  capacities 
were  recomputed  based  on  average  annual  1976  data  and  on  the  peak  traf¬ 
fic  month  data.  In  addition,  a  simulation  model  was  also  used  to  sub¬ 
stantiate  these  physical  capacities.  Results  of  this  recomputation  of 
the  physical  lock  capacity  demonstrated  that  (see  Tables  32-35): 

•a.  The  shift  in  commodity  mix  and  traffic  characteristics 
had  caused  a  change  in  the  previously  determined  lock 
capacity. 

b.  The  physical  lock  capacity  computation  is  very  sensitive 
to  the  lock  operating  policy  used  and  to  the  mix  of  com¬ 
modities  being  moved  through  the  locks. 

£.  Differences  between  annual  and  peak  month  traffic  char¬ 
acteristics  do  not  significantly  affect  the  physical 
capacity  determination. 

115.  The  above  capacity  estimates  are  subject  to  the  following 
limitations  and  observations: 

a.  The  numbers  represent  the  physical  capacity  of  a  lock, 
not  its  economic  or  social  optimum  capacity.  In  other 
words ,  the  assumption  is  that  during  a  major  part  of  the 
shipping  season  the  demand  on  the  lock  exceeds  the 
capability  of  the  lock  to  process  or  handle  the  traffic. 

b.  The  treatment  of  multiple  tow  lockages  as  single  tows 
equal  in  size  to  the  combined  smaller  tows  and  with 
lockage  times  equal  to  the  size  of  the  larger  tow  may 
understate  the  actual  lockage  time  associated  with  the 
multiple  tows.  In  other  words,  it  may  not  be  realistic 
to  assume  that  two  or  more  smaller  tows  in  the  same  lock 
chamber  can  lock  in  the  same  amount  of  time  as  a  single 
large  tow.  In  addition  for  safety  reasons  often  small 
tows  cannot  be  mixed  in  the  lock  chamber.  This  primarily 
affects  the  1200- ft  chamber  capacity  estimates. 

c_.  The  estimated  single  locking  times  may  be  biased  down¬ 
ward  by  the  following: 

(1)  Average  tow  sizes  of  non-RTS  single  lockage  tows  are 
smaller  on  average  than  double  lockage  tows  split 
into  RTS  configuration. 

(2)  Towboats  of  non-RTS  single  tows  are  generally  larger 
than  RTS  helper  boats. 
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(3)  Helper  boats  in  RTS  tows  could  often  be  in  a  con¬ 
figuration  making  maneuvering  less  efficient. 

d.  The  physical  capacity  estimates  assume  tow  sizes  will 
not  change  in  the  future.  However,  historically  tons 
per  tow  have  increased  rather  dramatically  leading  to 
larger  capacities  at  the  existing  and  proposed  new 
Locks  26  and  Locks  27  and  smaller  capacity  estimates  at 
Lock  25.  The  significant  increase  in  grain  traffic 
relative  to  the  growth  in  other  commodities  at  Locks  26 
no  doubt  strongly  influenced  this  recent  trend  to  larger 
tows.  Developments  in  the  future  could  cause  further 
significant  changes  in  lock  capacity  estimates. 

116.  .There  are  many  interrelated  time-varying  factors  that  sig¬ 
nificantly  affect  the  capacity  of  a  lock  to  pass  commodity  tonnage. 
Several  of  these  factors  have  changed  since  the  last  analysis  of  the 
capacity  of  L&D  26.  Unfortunately  there  is  still  no  firm  definition  of 
how  a  lock's  capacity  is  to  be  determined  since  if  for  no  other  reason, 
there  is  no  good  way  to  predict  how  commodities  or  tow  characteristics 
will  change.  Also,  there  is  a  lack  of  knowledge  of  the  factors  that 
influence  the  makeup  of  tows;  yet  this  is  a  very  significant  factor  in 
the  determination  of  lock  capacity. 

117.  Based  on  the  findings  of  this  study,  a  serious  effort  should 
be  made  to  establish  a  standard  coordinated  procedure  for  computing  lock 
and  waterway  system  capacities  that  will  adequately  account  for  the 
widely  varying  conditions  throughout  the  waterway  systems  under  the 
Corps  of  Engineers  responsibility.  Such  a  procedure  should  be  compati¬ 
ble  with  those  used  in  determining  the  capacities  of  other  modes  of 
intercity  or  interregional  freight  transportation  so  that  these  capaci¬ 
ties  may  be  used  in  intermodal  analyses.  Separate  procedures  may  be 
required  in  comparing  transportation  modes  and  in  an  economic  analysis. 

118.  It  is  further  recommended  that  the  lock  capacity  computa¬ 
tions  method  developed  for  this  study  be  improved  to  internally  account 
for  multivessel  lockages,  to  internally  allocate  tows  to  lock  chambers 
when  multichambers  are  involved,  and  to  account  for  queuing  effects  to 
the  extent  possible. 
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1.  Table  A1  presents  the  commodities  shipped  through  Locks  and 
Dam  26  (L&D  26)  during  the  month  of  August  1972.  August  was  used  be¬ 
cause  it  was  a  peak  month,  traditionally  averaging  about  9-1/2  percent 
of  a  year's  shipments.  Some  other  month  might  be  the  "historically 
stable"  month  for  a  different  lock.  Table  A2  reproduces  the  1972  per¬ 
centage  distribution  of  the  type  of  barges  used  to  transport  each  of  the 
commodities.  For  example,  13  percent  of  all  petroleum  products  were 
transported  using  35-  x  195-ft  petroleum  Jumbo  barges. 

2.  Table  A3  converts  Tables  A1  and  A2  to  a  different  format  to 
show  the  observed  average  barge  load  ( at  L&D  26 ) ,  and  the  percentage  of 
dedicated  movement  that  was  experienced  (dedicated  equipment  cannot  be 
used  to  transport  a  different  commodity). 

3.  Table  A4  is  constructed  using  the  following  arithmetic  expres¬ 
sion  to  convert  tonnage  to  loaded  barges. 

Upbound  Hopper  J  Barges  =  Averag°^  per"  Tow 

(1) 

1137320 

Hopper  J  Barges  *  — =  866  for  upbound  tows 

The  total  quantity  of  barges  is  simply  a  "balancing"  process  which 
assumes  in  the  case  of  Hopper  J  barges,  for  example,  that  the  excess 
of  full  barges  in  one  direction  will  be  returned  empty.  The  dedicated 
equipment  percentage  (Table  A3)  is  used  in  obtaining  the  returns  of 
empty  barges. 

4.  Average  tons  per  barge  is  obtained  using  data  from  Tables  A3 
and  A4  and  arithmetic  expression  (2). 


Average  Tons 


Barges 

per  Barge 

Tonnage 

3710 

(1314) 

= 

3  575  394 

144 

(1400) 

= 

100  800 

252 

(2460) 

s 

309  960 

246 

(2973) 

= 

365  679 

578 

(1400) 

= 

404  600 

86 

(24 60) 

= 

105  7 80 

82 

(2973) 

s 

121  893 

5098 

4  984  106 
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The  percentage  ( 0.968)  is  used  to  reduce  average  tons  per  barge  as  the 
average  barge  load  found  in  Table  A3  is  based  on  lockmaster  records. 
These  tonnages  are  about  3  to  U  percent  higher  than  those  reported  to 
the  Waterborne  Commerce  Statistical  Center  (WCSC)  at  Nev  Orleans  by  the 
barge  companies.  The  WCSC  data  is  considered  to  be  accurate.  The 
reason  for  this  difference  is  that  lockmasters  "round-off"  their  reports 
usually  to  the  higher  value  (vith  respect  to  LAD  26). 

5.  Table  A5  is  the  vehicle  used  to  convert  the  existing  (or  as¬ 
sumed)  percentage  distribution  of  barges  per  tow  by  barge  type  (column 
2  of  Table  A5)  to  the  average  number  of  barges  per  tow.  By  refer¬ 
ring  to  the  canmodities  carried  by  barge  type  (Table  A2),  one  knows  the 
commodities  included  in  a  particular  average  tow  size.  The  calculation 
process  for  weighted  average  tow  size  is  as  follows  (for  Hopper  J  Barge 
types) : 


viewed  two  ways.  First,  simply  as  a  percentage  distribution;  secondly , 
and  more  importantly,  as  saying  that  6o.T  tows  of  each  100  tows  passing 
through  the  lock  will  be  composed  of  Hopper  J  barges.  Viewed  in  this 
context  (called  normalizing  of  data)  the  quantity  of  actual  tows  passing 
through  the  lock  is  immaterial.  No  matter  what  the  quantity,  60.7  of 
100  tows  will  consist  of  Hopper  J  barges.  It  can  be  expected  that  (on 
the  average)  the  60.7  of  100  Hopper  J  barge  tows  will  be  observed  so 
long  as  (a)  the  percentage  distribution  of  commodities  remains  as 
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displayed  in  Table  Al;  (b)  the  data  of  Table  A2  do  not  change;  (c)  the 
tonnage  upstream  and  downstream  distribution  is  stable  (Table  A3);  and 
(d)  the  distribution  of  tow  sizes  remains  constant  (Table  A5). 

7-  Table  A7  displays  the  process  resulting  in  barges  per  tow, 
and  tows  per  lockage.  There  are  two  sets  of  data  based  upon  Judgment. 
Both  sets  are  critical  to  the  estimate  of  lock  capacity. 

8.  The  first  concerns  the  number  of  cuts  by  lockage  type.  Using 
Hopper  J  barges  as  an  example,  a  two-barge  tow  would  require  one  cut 
(lockage)  to  pass  through  either  the  main  or  the  auxiliary  chamber.  A 
four-barge  tow  would  require  two  cuts  to  pass  through  the  auxiliary 
chamber.  One  setover  (indicated  by  the  44)  would  pass  eight  barges 
through  the  main  chamber  in  a  single  lockage.  Eight  barges  would 
require  three  cuts  in  the  auxiliary  chamber.  The  amount  of  discretion 
that  can  be  used  by  the  analyst  in  his  choice  of  values  is  limited  by 
both  the  lock  dimensions,  and  observed  practices  at  the  lock.  The  type 
of  lockage  required  for  most  tow  sizes  is  straightforward.  However, 
some  tow  sizes  can  be  structured  in  either  single  or  setover  config¬ 
urations.  Observation  of  tow  size  and  lockage  types  guides  the  lockage 
type  selected  in  these  tows. 

9.  The  second  area  of  judgment  is  the  assumed  distribution  of 
the  chamber  fleet  between  the  main  and  auxiliary  chamber.  Changes  in 
the  distribution  of  type  of  lockage  (column  3),  and/or  in  the  distribu¬ 
tion  of  the  number  of  tows  by  chamber  (column  4)  results  in  changes  in 
the  weighted  average  lockage  time  per  tow  (of  Table  All)  and  thus  to  the 
estimated  lock  capacity  (of  Table  A13).  Obviously  the  weighted  average 
tow  sizes  of  Table  A7  also  change  based  upon  the  values  assumed  "Lockage 
type  of  cuts"  and  the  "assumed  number  of  tows  by  chamber." 

10.  Table  AT  uses  the  "Normalization"  idea  to  develop  average 
barges  per  lockage.  The  60.7  Hopper  J  type  tows  are  distributed  into 
barges  per  tow  by  the  following  process: 


(0.21)  (60.7)  =  12.7 
(0.13)  (60.7)  =  7-9 
A4 


(4) 


where  the  0.21  and  0.13  are  the  1972  observed  percentage  distribution 
of  barges  per  tow  at  LAD  26.  Column  2  of  Table  A7  then  states  that  of 
every  100  tovs  passing  through  LAD  26,  12.7  tows  would  consist  of  two 
Hopper  J  barges  -  given  there  are  no  data  changes  in  Table  A7.  It  is 
noted  that  this  tow  can  be  passed  through  the  lock  in  a  single  lockage. 

It  is  expected  one  half  of  the  7.9  tows  per  100  will  be  locked  through 
the  main  and  auxiliary  chambers  when  the  locks  are  operating  at  capacity 
(or  3-95  tows  in  each  of  the  locks).  Since  this  is  a  single  lockage 
tow,  the  3.95  lockages  would  be  necessary  to  pass  3.95  tows.  Utiliza¬ 
tion  of  the  auxiliary  lock  involves  two  cuts,  or  7*9  lockages,  for 
3.U5  tows.  This  would  involve  15-8  barges  total  (3.95  x  M*  Going  to 
the  8  barge  tows,  6.7  tows  would  be  expected  (of  every  100  tows),  and 
these  could  be  locked  through  the  main  chamber  in  the  setover  configura¬ 
tion  (represented  by  the  UU  in  column  3).  One  lockage  would  be  required. 
A  10  barge  tow  would  require  double  locking  in  the  main  chamber,  and 
four  lockages  (cuts)  if  the  auxiliary  chamber  were  used  (column  7 ) • 

11.  The  average  barges  per  lockage  for  Hopper  J  type  tows  is 
obtained  as  follows: 


Total  Barges 
Number  of  Lockages 


Average  Barges 
per  Lockage 


(5) 


12.  The  purpose  of  Table  A8  is  construction  of  average  lock  times 
for  the  various  types  of  lockages  established  from  the  assumption  of 
lockage  procedures.  The  Lock  Component  Times/Tow  are  established  by 
direct  measurement  at  the  locks.  Data  are  collected  over  many  months. 
There  is  really  a  range  of  values  for  each  of  the  different  operations 
(Single,  Setover).  The  range  of  values  are  evaluated  to  establish  the 
average  of  2k  min  for  single  lockages  in  the  main  chamber,  and  15  min 
for  the  auxiliary  chamber. 

13.  Tables  A9  and  A10  are  simply  summaries  developed  from  the 
details  in  Table  A7-  Referring  to  column  3  of  Table  A7  (main  chamber) 
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it  is  noted  that  there  are  3*95  plus  5*2  tows  which  utilize  single 
lockages  in  transporting  Hopper  J  barges  through  L&D  26.  The  total  for 
single  lockages  for  all  tow  types  in  the  main  chamber  is  (from  column  4 , 
Table  AT): 

3.95 

5.20 

0.10 

0.20 

0.1+5  (6) 

0.95 
1.50 
0.20 

12.55 

14.  Table  All  is  constructed  simply  by  multiplying  the  quantity 
of  single  locked  tows  (12.55)  by  the  time  required  to  perform  a  complete 
single  lockage  (1+6.25),  summing  the  total  (5197.51),  and  dividing  by  the 
total  number  of  lockages  (86.55)  to  obtain  the  average  minutes  per 
lockage  (60.05)  for  the  main  chamber  when  operating  the  locks  under 
FIFO  policy. 

15.  Table  A12  constructs  the  quantity  of  lockages  that  could  be 
performed  in  a  typical  month.  The  amount  of  downtime  (2  percent)  is 
deducted  from  the  total  available  minutes.  Also  deducted  are  5  lockages 
in  the  main  chamber  and  5  in  the  auxiliary  utilized  by  recreational 
craft  and/or  light boats. 

16.  Table  A13  simply  multiplies  lockages  per  month,  barges  per 
lockage,  and  tons  per  barge  to  obtain  the  lock  capacity  for  a  single 
month.  The  product  is  divided  by  9-5  percent  because  August  tradition¬ 
ally  produces  9.5  percent  the  tonnage  at  L&D  26.  The  tonnage  figures  of 
Table  A1  are  9.5  percent  of  the  total  tonnage  for  the  year.  The  end 
result  is  the  annual  tonnage  at  each  lock  (50.421  million  tons)  for  the 
main  chamber,  and  (22.265  million  tons)  for  the  auxiliary  chamber. 

Total  tonnage  is  thus  72.690  million  annually.  This  estimate  compares 
with  the  73.0  million  tons  estimated  using  WATSIM-TOWGEN ,  or  a  differ¬ 
ence  of  0.43  percent. 

17.  The  calculation  process  depicted  in  this  paper  has  been 
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programmed  for  computer  application.  The  computer  program  is  considered 
to  be  in  "first  draft”  form.  This  program  does  not  follow  the  exact 
sequence  of  calculations  depicted  in  this  paper  and  will  ultimately  be 
programmed  in  the  form  resulting  in  the  most  cost  efficient  computation 
process.  The  exact  solution  may  differ  from  the  sequence  presented  in 
this  paper.  The  computer  program  can  produce  slightly  different  values 
than  this  paper  (for  the  same  assumption)  due  to  differences  in 
"rounding-off"  the  individual  values  computed  during  the  process. 
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Table  A1 

Commodity  Matrix  (Monthly)  Tonnage 


Name 

No. 

Up 

Down 

Total 

(1) 

(2) 

(3) 

(4) 

(5) 

Corn 

1 

158 

1,426,168 

1,426,326 

Soybeans 

2 

277 

450,896 

451,173 

Grain 

3 

923 

238,982 

239,905 

Coal 

4 

757,205 

254 

757,459 

Petroleum  ‘ 

5 

719,185 

55,101 

774,286 

GSSA 

6 

32,153 

82,500 

114,653 

Fe  +  Steel 

7 

77 ,914 

104,848 

182,762 

Ind  Chem 

8 

344,985 

32,825 

377,810 

Agr  Chem 

9 

240,385 

13,788 

254,173 

Oth  +  Mi sc 

10 

268,690 

133,787 

402,477 

Total 

2,UUl,875 

2,539,149 

4,981,024 

Total 
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Table  A3 

Tonnage  Distribution  by  Barge  Type 


Average 

Dedicated 

Tonnage  by 

Barge  Type 

Barge  Load 

Equipment 

Barge  Type 

Up 

Down 

tons 

* 

Hopper  J 

1,137,320 

2,1+37,1+35 

l,3ll+ 

0 

Petrol  J 

93.U9U 

7,163 

1,1+00 

100 

P  TANKM 

287,67!+ 

22,01+0 

2,1+60 

100 

P  TANKL 

338,017 

25,897 

2,973 

100 

Chem  J 

378,379 

26,918 

1,1+00 

100 

C  TANKM 

96,596 

9,191 

2,1+60 

100 

C  TANKL 

110,395 

10,501+ 

2,973 

100 

Total 

2,MH,875 

2,539,11*8 

Table  Al+ 

Summary  of  Barge  Distribution 

Barge  Fleet 

Barge 

Loaded 

Empty 

Type 

Up  Down 

Up  Down 

_UE_ 

Down 

Total 

Hopper  J 

866  1855 

989  0 

1855 

1855 

3710 

Petrol  J 

67  5 

5  67 

72 

7? 

ll+l* 

P  TANKM 

117  9 

9  117 

126 

126 

252 

P  TANKL 

111*  9 

9  111* 

123 

123 

2U6 

Chem  J 

270  19 

19  270 

289 

289 

578 

C  TANKM 

39  U 

1+  39 

1*3 

1+3 

86 

C  TANKL 

37  k 

1+  37 

1+1 

1+1 

82 

1510  1905 

1039  61+1+ 

251+9 

25U9 

5098 

Total 

3U15 

1683 

5098 

.  5jtf 


. .  .-(MiaiiBtafeBat^y—  'irfiiP-Wr  i'iH^-^  iM 


£«$? 


Hopper  J 


Petrol  J 


P  TAMM 


Table  A5 

Calculated  Barges  per  Tow 


Tow  Fleet  Distribution. 


Barges  Barges/  No.  of 


•  Tow 

Tow 

Tows 

2 

21 

103 

1* 

13 

64 

6 

17 

6k 

8 

11 

5k 

10 

11 

5k 

12 

15 

Ik 

15 

12 

59 

7-54* 

492 

1 

32 

10 

2 

5 

2 

3 

10 

3 

4 

5 

2 

5 

10 

3 

6 

23 

7 

12 

10 

3 

l4 

5 

2 

4.  TO* 

32 

1 

2 

1 

2 

26 

17 

3 

23 

15 

4 

23 

15 

5 

8 

5 

6 

8 

5 

5 

3.88* 


*  Weighted  average  tow  size. 


P  TANKL 


Chem  J 


C  TANKM 


C  TANKL 


Barges  Barges/  No.  of 


1UW 

6 

AUWt 

5 

2k 

19 

2k 

19 

43 

34 

3 

2 

3.19* 

79 

5 

4 

13 

11 

9 

8 

27 

24 

27 

24 

9 

8 

5 

4 

5 

4 

6.56* 

87 

9 

3 

27 

8 

37 

10 

9 

3 

9 

3 

9 

3 

3.09* 

30 

25 

7 

58 

16 

17 

5 

2.92* 

28 

( 


Hopper  J 
Petrol  J 
P  TANKM 
P  TANKL 
Chem  J 
C  TANKM 
C  TANKL 

Total 


Table  A6 

Sunnary  of  Fleet  Characteristics 


Barge  Fleet 
Total 


_UE_ 

Down 

# 

1855 

1855 

3710 

72 

72 

ll*l* 

126 

126 

252 

123 

123 

21*6 

289 

289 

578 

U3 

1*3 

86 

1*1 

1*1 

82 

251*9 

251*9 

5090 

5098 


? 

Average 
Tow  Size 
(Brs/Tow) 

72.8 

7.51+ 

2.9 

1*.70 

h.9 

3.88 

1* .  8 

3.19 

11.3 

6.56 

1.7 

3.09 

1.6 

100.0 

2.92 

Tow  Fleet 

Distribution  Total 


Down 

E3 

21+6 

2U6 

1*92 

60.7 

15 

15 

30 

3.7 

33 

33 

66 

8.1 

39 

39 

78 

9.6 

1*1* 

1+1* 

88 

10.9 

lU 

ll+ 

28 

3.5 

ll+ 

lU 

28 

3.5 

1*05 

1*05 

810  100.0 
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Table  A8 

Lock  Time  Requirements 


Lock  Component 

Ready  to  Serve  (RTS) 

Times/Tow 

Main 

Aux 

Double  =  2 (single) 

+  l(turnback  +  l(turn 

Chamber  Time 

exit) 

ent. ) 

Single 

2h 

15 

Setover 

1+6 

62 

Triple  =  3( single) 

+  2(turnback  +  2(turn 

Double 

100 

70.5 

exit) 

ent. ) 

Triple 

157 

123 

Exchange  Ent. 

20.5 

18.5 

Main  Aux 

Turnback  Ent. 

3 

3 

Exchange  Exit 

8 

8 

Double  RTS 

6U.0  »+6.0 

Turnback  Exit 

13 

13 

Triple  RTS 

ioJ+.o  77.0 

Exchange  Ent.  +  Exit 

First 

Main 

28.5 

in  First  Out  (FIFO) 
Aux 

26.5 

Turnback  Ent.  +  Exit 

16.0 

16.0 

TOTAL 

U.5 

1+2.5 

AVG 

22.25 

21.25 

Lockage 

FIFO 

Locking  Time 
per  Tow 

Locking  Time 
per  Tow 

Ready  to  Serve 

Type 

Main 

Aux 

Main 

Aux 

Single 

1+6.25 

36.25 

1+6.25 

36.25 

Setover 

68.25 

83.25 

68.25 

83.25 

Double 

122.25 

91.75 

86.25 

67.25 

Triple 

179.25 

1U1+.25 

126.25 

98.25 

I 


Table  A9 

Number  of  Toys  by  Lockage  Type 


Main _  _ Auxiliary 


Number 

Percent 

Number 

Percent 

s 

12.55 

22 

18.50 

42 

St 

13.40 

24 

6.30 

14 

D 

29-70 

53 

16.25 

37 

T 

0.40 

1 

3.40 

8 

Total 

56.05 

44.45 

Table  A10 

Number  of  Lockages  by  Lockage  Type 


Main 

Auxiliary 

Number 

Percent 

Number 

Percent 

S 

12.55 

15 

18.50 

27 

St 

13.40 

15 

6.30 

9 

D 

59-40 

69 

32.50 

48 

T 

1.20 

1 

10.20 

15 

Total 

86.55 

67.50 

Table  All 
WTD.  Lockage  Time 


FIFO 

RTS 

Main 

Auxiliary 

Main 

Auxiliary 

s 

580.44 

670.63 

580.44 

670.63 

St 

91U.55 

524.48 

914.55 

524.48 

D 

3630.83 

1490.94 

2561.63 

1092.81 

T 

7V..7Q 

490.45 

50.10 

334.05 

Total 

5197-51 

3176.49 

4106.71 

2621.96 

Min./ 

Lockage 

60.05 

47.06 

47.45 

38.84 

Table  A12 

Calculation  of  Lock  Cycles  per  Month 
(Ready  to  Serve) 


_ Main _ 

No.  of  Lockages  = 

(30)  ijauo-ps?,  .  893 


Less  5  lightboat  =  888 

lockages 

Computed  tow  size  =  8.8 

8.80  (9U5-79)  -  8323  tons  per 

tow 


_ Auxiliary _ 

m  ’  “SO 


=  1085 


800,000  (0.095)  _  .  ...... 

- 1 — Trr^ — =  9*1  or  10  total 

lightboat 

lockages* 


*  The  St.  Louis  District  estimated  that  800,000  tons  of  commodities 
would  be  unable  to  transmit  L&D  26  due  to  lightboat  lockages.  This 
calculation  is  necessary  to  convert  800,000  tons  to  its  equivalent 
number  of  lockages. 


Table  A13 

Estimated  Lonks  Capacit: 


Auxilli 


Lockages/month 

Barges/lockage 

Tons/barge 

Month's  capacity  (millions 
of  tons ) 

Annual  capacity 

Annual  capacity 


2.115 

22.265 

72.690  million  tons 


APPENDIX  B 

DIFFERENCES  BETWEEN  FMM&C  DATA  AS  REPORTED 
AND  AS  USED  IN  SIMULATION  STUDIES 


I 


Adjustments  to  Data  for  Capacity  Analysis  by  PMM&C 

1.  PMM&C  only  reported  weighted  average  approach  and  exit  times, 
the  weighting  being  based  on  the  distribution  of  the  types  of  approaches 
and  exits.  No  record  could  be  found  in  their  report  that  presented  the 
distribution  of  times  nor  the  average  times  for  each  type  of  approach 
and  exit.  Thus,  it  is  quite  likely  that  the  average  times  are  weighted 
by  a  different  ratio  of  approach  and  exit  types  them  the  distributions 
used  in  deriving  the  approach  and  exit  times  for  the  simulation  modeling 
and  computation  technique. 

Differences  in  Definitions  and  Use  of  Data  by  PMM&C  and  Corps 

2.  There  are  basically  five  major  factors  that  would  cause  one 
to  observe  differences  in  the  lockage  times  reported  by  the  Corps  and 
by  PMM&C  even  though  both  claim  to  use  the  same  data  source.  This 
apparent  difference  in  times  is  the  cause  of  some  concern  to  many  per¬ 
sons  due  to  the  significant  effect  that  time  can  have  on  the  determina¬ 
tion  of  capacity. 

3.  Probably  one  of  the  major  causes  of  differences  in  Corps  and 
PMM&C  times  is  the  fact  that  the  Corps  only  had  two  of  the  six  data  sets 
from  the  test  periods  available  to  use  in  its  study.  These  data  were 
from  the  first  of  the  Base  condition  data  periods  and  the  Switchboat 
test  period.  The  other  two  Base  test  periods  and  the  Guide  Wall  Ex¬ 
tension  and  the  Industry  Choice  test  periods  were  not  available  to  the 
Corps  at  the  time  the  simulation  study  was  initiated. 

U.  This  fact  becomes  even  more  significant  when  one  considers  how 
these  data  were  applied.  The  Corps  used  each  data  set  separately  to 
represent  the  different  lock  operating  procedures .  PMM&C  combined  all 
of  the  test  data  from  the  six  data  collection  periods  to  obtain  average 
times  for  specific  lockage  components  to  the  extent  that  this  was 
possible. 

5.  This  difference  in  the  application  of  the  data  bases  used  in 
the  two  studies  was  significant  since  there  was  a  year's  time  between 


B2 
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the  first  Base  and  the  Svitchboat  test  periods  used  by  the  Corps  and 
the  other  test  periods.  Therefore,  there  could  be  and  in  fact  were  con¬ 
siderably  different  operating  environments  for  these  test  periods.  Dif¬ 
ferences  in  the  conditions  that  will  most  affect  the  average  times  used 
in  the  two  studies  include:  (a)  different  lifts  that  the  locks  must 
operate  between  the  pools,  therefore  requiring  much  different  chambering 
times ;  (b)  different  conditions  in  the  approach  channels ,  therefore 
requiring  much  different  approach,  chamber  entry,  and  exit  times;  (c) 
different  approach  and  exit  type  mixes,  therefore  different  weighted 
average  approach  and  exit  times;  and  finally  (d)  different  mixes  of  tows 
in  the  fleet  being  processed.  The  effect  of  the  differences  in  lift  can 
be  observed  by  considering  the  average  chambering  times  for  single 
straight  lockages,  which  is  primarily  a  chamber  filling  or  emptying  time. 
These  times  for  the  different  test  periods  are: 

Industry 

Base  Bwitchboat  Guide  Wall  Choice 

Up  13.1  11.5  15.2  14.9 

Down  12.7  11.1  13-5  12.6 

Remembering  that  the  Base  condition  is  a  combination  of  data  collected 
in  1973  and  1974  (the  largest  portion  of  the  test  data)  and  that  the 
Switchboat  test  period  was  in  1973  while  the  other  two  test  periods  were 
about  the  same  time  as  the  1974  Base  period,  the  difference  of  nearly 
3.5  min  in  filling  time  and  1.5  and  2.4  min  in  emptying  times  is  a  good 
indication  of  the  potential  impact  of  these  conditions  alone. 

6.  The  Corps  was  plagued  by  the  small  sample  sizes  and  in  some 
cases  lack  of  data  for  some  lockage  component  times.  This  was  particu¬ 
larly  true  in  the  case  of  single  and  setover  lockages.  The  Base  test 
period  was  particularly  lacking  enough  data,  which  was  one  of  the  rea¬ 
sons  that  PMMC  extended  the  Base  tests.  Directionally,  the  Base  con¬ 
dition  was  so  bad  that  up  and  down  samples  were  combined  with  data 
collected  over  a  longer  period  by  the  St.  Louis  District.  This  also 
took  into  account  special  conditions  at  the  test  period.  PMM&C  data 
were  compared  with  the  Corps  data  below: 
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PMM&C 

Up 

l4 

32  +  29  =  6l 

77 

Corps 

Up 

9 

21 

26 

PMM&C 

Down 

6 

23  +  2  =25 

117 

Corps 

Down 

h 

10 

43 

7 .  Another  factor  that  has  an  impact  on  the  overall  average  lock¬ 
age  times  was  the  way  that  the  Corps  had  to  define  and  group  the  lockage 
times  for  use  in  the  simulation  model  available  for  the  analysis  of 
capacity,  first,  the  basic  time  definition  for  the  chambering  process 
and  the  exit  was  different  and  therefore  required  an  adjustment  of  the 
collected  times.  The  simulated  exit  process  involved  only  the  movement 
of  a  tow  from  the  lock  gates  to  the  clearance  point,  whereas  the  col¬ 
lected  exit  times  included  the  refleeting  of  double,  setover,  and  knock¬ 
out  lockages  when  this  took  place  in  the  chamber  area.  Also,  only  one 
average  exit  time  was  allowed  in  the  simulation  model  for  all  lockage 
types.  To  ensure  that  refleeting  times  would  not  be  included  in  the 
exit  times,  the  single  straight  exit  only  times  were  used  for  all 
lockage  types  in  the  simulation  model  input  data.  The  chambering  times 
used  in  the  model  required  the  combining  of  the  chamber  entry  times,  the 
chambering  or  hardware  operating  times  for  all  cuts,  the  turnback ,  the 
approach  time  of  the  last  cut,  the  exit  of  the  first  cut,  and  the  last 
cut  exit  time  after  an  appropriate  adjustment  for  the  exit  time  for 
doubles,  setovers  and  knockouts.  The  fly  and  exchange  approach  times  of 
all  lockage  types  were  grouped  as  required  for  input  to  the  simulation 
model.  Therefore,  there  is  an  implicit  lockage  mix  or  effect  of  tow 
size  distribution  built  into  the  approach  times.  The  Corps  did  not 
adjust  this  mixing  effect  when  the  simulation  runs  for  larger  tow  sizes 
were  made;  therefore  these  times  are  probably  understated.  Finally,  no 
data  were  available  from  PMM&C  for  the  auxiliary  chamber  at  L&D  26. 
Therefore,  the  Corps  had  to  base  the  lockage  component  times  for  the 
auxiliary  chamber  on  data  that  had  been  routinely  collected  by  lock 
personnel.  These  data  were  not  defined  to  the  same  level  of  detail  as 
were  the  data  collected  by  PMM&C  on  the  main  chamber.  PMM&C  later 
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collected  some  data  for  the  auxiliary  lock  which  was  used  in  an  analysis 
of  its  capacity. 

8.  In  comparing  PMM&C's  average  time  data  and  the  Corps'  data 
used  on  either  the  simulation  model  or  the  computation  procedure,  one 
must  keep  in  mind  that  PMM&C  includes  in  its  average  approach  and  exit 
times  the  observed  mix  of  different  approach  and  exit  types.  The  Corps' 
times  involve  simulated  or  theoretical  mixes,  respectively.  The  compu¬ 
tation  procedure  eliminates  fly  approach  and  exit  types. 

Differences  in  PMM&C  and  the  Corps  Capacity  Estimates 

9.  There  has  been  a  great  deed,  of  concern  expressed  about  differ¬ 
ences  in  the  estimated  capacities  derived  by  PMM&C  and  the  Corps.  The 
differences  are  primarily  the  result  of  differences  in  the  basic  assump¬ 
tions  used  in  arriving  at  the  stated  capacity  and  not  in  the  basic  data 
used.  These  differences  have  been  thoroughly  discussed  by  the  Corps  in 
Attachment  2  to  Appendix  0,  contained  in  Part  II  of  the  Supplemental  Eco¬ 
nomic  Data  report  prepared  by  the  St.  Louis  District.  One  of  the  most  , 
significant  results  of  the  two  independent  analyses  is  that  the  estimated 
capacities  were  as  close  as  they  were.  Taking  into  account  the  differ¬ 
ences  in  the  basic  assumptions,  the  St.  Louis  District  demonstrated  that 
the  PMM&C  and  Corps  estimated  capacities  can  be  resolved  to  within 

2  percent,  well  within  the  accuracy  of  projected  traffic  growth. 

10.  It  therefore  appears  futile  to  be  so  concerned  over  differ¬ 
ences  in  the  basic  data.  The  primary  factors  in  the  differeribes  are  the 
method  of  handling  seasonality,  accounting  for  reporting  differences  in 
official  tonnage  and  tonnages  recorded  at  the  locks,  noncommercial  lock¬ 
ages,  and  interference  in  the  approach  channel. 

11.  Another  point  to  consider,  is  that  the  Switchboat  capacity 
used  as  the  basis  for  replacement  is  considered  too  hazardous  to  be 
used  by  industry,  particularly  in  the  lower  approach.  The  actually 
applied  operational  procedure.  Industry  Choice,  has  a  lower  estimated 
capacity.  PMM&C's  estimate  is  7^.2  compared  with  the  73  million  tons 
used  in  tne  replacement  analysis,  i.e.,  a  1.6  percent  difference.  Ad¬ 
justed  for  WCSC  tonnage  (official)  this  becomes  71.8. 


Comparison  of  PMM&C  Processing  Times  VS  Corps  Processing  Times 
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Table  C21 

Single  Standard  Approach  Times 
LSD  25 
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Table  C22 

Single  Standard  Chambering  Tines 
HD  25 


Down  Direction 

Month 

Avg 

Tiae 

No. 

Incl. 

Avg  x  No. 

Avg 

Tiae 

No. 

Incl. 

Avg  x  No. 

Oct  75 

16.2 

28 

453.6 

15.3 

44 

673.2 

Nov  75 

15.4 

36 

554.4 

14.1 

33 

465.3 

Dec  75 

— 

— 

— 

— 

— 

— 

Jan  76 

-- 

— 

-- 

— 

-- 

— 

Feb  76 

— 

-- 

— 

-- 

— 

Mar  76 

— 

-- 

— 

— 

— 

— 

Apr  76 

9.7 

26 

252.2 

11.1 

43 

477.3 

May  76 

11.8 

29 

342.2 

12.4 

34 

421.6 

Jul  76 

15.7 

29 

455.3 

13.8 

37 

510.6 

Aug  76 

16.1 

20 

322.0 

14.7 

42 

617.4 

Sep  76 

17.1 

14 

239.4 

14.3 

28 

400.4 

Oct  76 

17.4 

26 

452.4 

14.9 

43 

640.7 

Nov  76 

16.8 

35 

588.0 

15.5 

43 

666.5 

TOTAL 

243 

3659.5 

347 

4873.0 

AVG 

15.06 

14.04 

NOTE:  Chambering  tiaes  shown  above  are  the  sub  of  the  chaaber  entry  and 
chaabering  tiaes  as  provided  by  PMS. 
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Table  C25 

Double  Standard  Chambering  Times 
LSD  25 


Up  Direction  Down  Direction 


Month 

Avg 

Time 

No. 

Incl. 

Avg  x  No. 

Avg 

Time 

No. 

Incl. 

Avg  ^  No. 

Oct  75 

73.8 

72 

5313.6 

77.8 

90 

7002.0 

Nov  75 

72.1 

58 

4181.8 

74.3 

79 

5869.7 

Dec  75 

— 

— 

-- 

-- 

-- 

Jan  76 

-- 

-- 

— 

-- 

-- 

-- 

Feb  76 

-- 

-- 

— 

-- 

-- 

-- 

Mar  76 

-- 

— 

-- 

-- 

-- 

-- 

Apr  76 

52.4 

92 

4820.8 

57.6 

82 

4723.2 

May  76 

57.2 

102 

5834.4 

64.5 

104 

6708.0 

Jul  76 

68.5 

90 

6165.0 

76.3 

88 

6714.4 

Aug  76 

70.6 

76.  - 

5365.6 

76.3 

75 

5722.5 

Sep  76 

75.5 

79 

5964.5 

72.3 

68 

4916.4 

Oct  76 

73.9 

80 

5912.0 

72.7 

88 

6397.6 

Nov  76 

69.3 

69 

4781.7 

74.0 

94 

6956.0 

TOTAL 

718 

48339.4 

768 

55009.8 

AVG 

67.33 

71.63 

NOTE: 

Chambering 

chambering 

times  shown  above  are  the 
times  as  provided  by  PMS. 

sum  of  the  chamber  entry  and 
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280  5039.2  293  6273.4  207  3714.5  248  4054.3 


Table  C28 

Setover  and  Knockout  Standard  Chambering  Times 
LSD  25 


Up  Direction  Down  Direction 


Month 

Avg 

Tine 

No. 

Incl. 

Avg  x  No. 

Avg 

Tine 

No. 

Incl. 

Avg  x  No 

Oct  75 

Setover 

33.0 

18 

594.0 

31.0 

3 

93.0 

Knockout 

25.8 

14 

361.2 

23.1 

8 

184.8 

Nov  75 

Setover 

.30.0 

20 

600.0 

22.0 

2 

44.0 

Knockout 

26.1 

20 

522.0 

21.0 

10 

210.0 

Dec  75 

— 

— 

-- 

— 

— 

— 

Jan  76 

— 

— 

— 

— 

-- 

-- 

Feb  76 

— 

— 

— 

— 

— 

— 

Mar  76 

— 

— 

-- 

— 

— 

— 

Apr  76 

Setover 

22.3 

13 

289.9 

25.0 

1 

25.0 

Knockout 

18.5 

13 

240.5 

18.9 

18 

340.2 

May  76 

Setover 

32.1 

19 

609.9 

12.0 

1 

12.0 

Knockout 

17.5 

8 

140.0 

18.9 

12 

226.8 

Jul  76 

Setover 

29.1 

18 

523.8 

29.7 

3 

89.1 

Knockout 

24.5 

17 

416.5 

25.0 

15 

375.0 

Aug  76 

Setover 

35.3 

19 

670.7 

26.0 

5 

130.0 

Knockout 

24.2 

13 

314.6 

24.0 

10 

240.0 

Sep  76 

31.2 

14 

436.8 

24.0 

2 

48.0 

Setover 

31.2 

14 

436.8 

24.0 

2 

48.0 

Knockout 

24.8 

13 

322.4 

21.4 

21 

449.4 

Oct  76 

Setover 

30.5 

19 

579.5 

27.0 

1 

27.0 

Knockout 

27.0 

17 

459.0 

21.8 

15 

327.0 

Nov  76 

Setover 

32.5 

22 

715.0 

19.0 

1 

19.0 

Knockout 

24.6 

11 

270.6 

20.3 

9 

182.7 

TOTAL 

AVG 

28.01 

288 

8066.4 

22.07 

137 

3023.0 

NOTE:  Chaabering  tiaes  shown  above  are  the  sub  of  the  chaaber  entry  and 
chaaberlng  tiaes  as  provided  by  PMS. 
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Table  C29 

Setover  and  Knockout  Standard  Exit  Tines 


(Continued) 


Table  C29  (Concluded) 
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Table  C30 

Single  Other  Vessel  Processing  Tiaes 
UP  25 


Up  Direction 


Avg 

No. 

Month 

Tiae 

Incl. 

Avg  x  No 

Oct  75 

13.2 

79 

1042.8 

Nov  75 

13.4 

25 

335.0 

Dec  75 

-- 

— 

— 

Jan  76 

— 

-- 

-- 

Feb  76 

— 

— 

— 

Mar  76 

— 

— 

— 

Apr  76 

17.4 

43 

748.2 

May  76 

13.7 

91 

1246.7 

Jul  76 

12.9 

311 

4011.9 

Aug  76 

13.0 

264 

3432.0 

Sep  76 

13.7 

200 

2740.0 

Oct  76 

13.4 

83 

1112.2 

Nov  76 

14.9 

16 

238.4 

TOTAL 

1112 

14907.2 

AVG 

13.41 

C33 


Single  Standard  Approach  Times 


by  PMS . 


C38 


Chambering  times  shown  above  are  the  sum  of  the  chamber  entry  and  chambering  times  as  provided  by 


Table  C36 

Setover  and  Knockout  Standard  Exit  Tiaes 


Multi-Vessel  Standard  Approach  Times 


Chaabering  tines  shown  above  are  the  sum  of  the  chamber  entry  and  chambering  tines  as  provided 
by  PMS. 


In  accordance  with  letter  fro*  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a  facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
belpw. 
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